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ABSTRACT 


Decontamlnants  for  several  toxic  missile  propellants 
vere  evaluated  and  reconmiendatlons  vere  made  for  the  most  suit 
able  materials. 

The  investigation  was  conducted  in  two  phases.  Phase 
I,  a  practical  study  of  the  propellants,  consisted  of  a  compil 
ation  of  information  pertaining  to  general  properties,  decon¬ 
tamination  procedtires  and  toxicity  data  based  on  a  literature 
review.  The  materials  thus  Investigated  were  fluorine,  hydra¬ 
zine.  nitrogen  tetroxide,  hydrogen,  light  metal  hydrides, 
beryllizine.  Compound  A,  mixed  hydrazine  fuels,  alumizine  and 
UDHH. 


Phase  II,  a  laboratory  investigation,  involved  the 
experimental  evaluation  of  candidate  decontaminants.  This 
work,  together  with  a  theoretical  evaluation  of  decontaminants 
based  on  the  practical  study,  involved  four  propellants: 
Compound  A,  mixed  hydrazine  ftiels  (MHF-3  and  MHF-5)  and  alumi¬ 
zine. 
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INTRODUCTION 


As  propellant  systems  become  more  energetic,  the  hazards 
involved  become  increasingly  severe.  With  greater  ei^hasis 
being  placed  by  the  militarv  on  high  energy  propellants,  it  be¬ 
comes  mandatory  that  means  oe  developed  to  combat  the  potential 
hazards  inherent  in  handling  these  materials.  Large  ^ills 
undoubtedly  will  occur  during  development  programs  as  a  result 
of  equipment  malfunction,  or  frcmi  other  causes.  The  hazards  to 
personnel  and  damage  to  test  stand  hardware  must  be  minimized. 
Accordingly,  a  laboratory  scale  investigation  was  initiated. 

The  objective  of  this  study  was  to  determine  suitable 
decontamination  procedures  rnd  materials  for  combatting  toxxc 
missile  propellant  spills.  This  progrsn  was  carried  out  in  two 
phases.  Phase  I  was  a  study  of  both  the  practical  and  theore¬ 
tical  aspects  of  the  problem  of  decontamination  and  included 
an  evaluation  of  existing  information.  A  survey  of  pertinent 
toxicity  data  was  also  included  in  this  section. 

Phase  II  consisted  of  a  bench-scale  experimental  in¬ 
vestigation  to  determine  suitable  decontaminants,  utilizing  the 
information  obtained  in  Phase  I.  Four  propellants  were  experi¬ 
mentally  investigated  in  this  program.  Coip 
MHF-5,  and  alumizine.  Based  on  the  results 
investigation,  suitable  decontaminants  were 
deconta^nant  to  be  suitable  imist  meet  several  criteria.  It 
must  react  smoothly,  readily,  and  relatively  completely.  It 
must  in  itself  produc  e  no  additional  hazards  by  nature  of  flamma¬ 
bility,  toxicity  or  orrosivity.  In  addition  the  reaction  pro¬ 
ducts  nnist  not  present  any  undiui  hazards.  Lastly,  the  decon- 
taminant  should  be  readily  available  and  economically  feasible. 

It  mujt  be  emphasized  that  all  of  the  results  and 
recomtaendatlons  herein  reported  were  obtained  using  staall  labor¬ 
atory  quantities  of  propellants.  Logically,  the  pronam  should 
be  continued  on  a  larger  pilot  scale  in  order  to  verify  the  ccn- 
clusions  developed  from  this  wortc. 

The  investigation  of  several  other  propellants  was 
limited  to  the  practical  study  only.  Decontamination  recoenen- 
datlons  were  made  for  tlese  materials  based  upon  an  evaluation 
of  reported  information.  These  propellants  were; 

Nitrogen  Tetroxide  Berylllzine 

Fluorine  Llmt  Metal  Hydrides 

Hydrazine  Bydro^n 

Unsftnraetrical  Dime  thy Ihydrazine 


ovmd  A,  MHF-3. 
of  this  experimental 
recommended.  A 
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SECIION  1 
COMPOUND  A 


1.1  PRACTICAL  STUDY 

1.1.1  General 

Compound  A,  chlorine  oentafluoride  (ClFc) ,  is  a  highly 
energetic  oxidizer.  Its  boiling  point  is  -13.6°c  and  the  freez¬ 
ing  point  is  -103°C.  Both  the  gas  and  liquid  are  colorless. 

'’Tie  liquiu  has  a  relatively  high  dtnsity,  2.100  gm/ml.  at  -80 °C 
and  1.863  gm/ml  at  0°C.  The  critical  temperature  is  143°C  and 
ClFr  ^  therefore  normally  handled  as  a  liquid  under  pressure. 
Couipjund  A  is  not  shock  sensitive  and  is  extremely  stable.  No 
decomporition  has  been  observed  after  long  term  storage.  This 
material  is  quite  similar  to  chlorine  trifluoride  and  require^ 
the  same  normal  safety  precautions.  Ko  extraordinary  safety 
devices  or  techniques  are  required  to  handle  this  oxidizer 

1.1.2  DecontfflTTlnati  on 


An  extensive  literature  search  revealed  that  there  are 
no  recommended  or  standard  procedures  for  the  decontamination  of 
large  spills  of  Coofiound  A.  However,  the  similarity  of  Cot^ound 
A  to  chlorine  trifluoride,  a  material  on  which  decontamination 
studies  have  been  made  (1; ,  indicates  that  the  same  deconta:iina- 
tlng  techniques  should  be  applicable  to  Compound  A.  Therefore, 
a  spray  deluge  of  water  or  dilute  aqueous  solutions  of  ammonia 
should  be  effective  in  neutralizing  spills  of  Compound  A. 

1.1.3  Toxicity 

Range  find  tests  were  conducted  by  Rocketdyne  to  deter¬ 
mine  the  toxicity  of  ClFc  to  rats  at  various  concentrations  at 
10  minute  exposure  periods  (2).  Concentrations  of  120,  1000,  and 
2500  ppm  produced  only  slight  irritations.  At  10  minute  exposures 
to  5,1M  and  11,770  p|Kn,  respiratory  difficulty  was  obseri'ed  but 
the  test  aniauils  survived  and  ompletely  recovered  in  several 
days.  It  was  believed  that  due  to  the  rapid  reaction  between 
ClFs  and  moisture,  the  animals  were  exposed  only  to  hydrolysis 
procuctc.  Therefore,  Rocketdyne  concluJes  that  the  toxicity 
level  of  CIF5  should  be  taken  as  identical  to  CIF3  (MAC-O.l  ppm) 


Toxicity  studies  of  CIF5  were  also  sponsored  by  Allied 
Chemical  Corporation.  Four  rats  exposed  at  108  ppm  for  10  min- 
«xes  showed  eye  Irritation  end  slight  pulmonary  effects.  Of  four 
rats  exposed  at  212  ppm  for  10  minutes,  one  died  2  1/2  days  after 
exposure.  Eye  lirritation  and  sli^t  respiratory  difficulty  was 
noted  in  all  rats.  Two  rats  exposed  to  412  ppm  for  10  minutes 
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showed  eye  irritation,  salivation  and  marked  respiratory  diffi¬ 
culty.  Deaths  occurred  60  minutes  and  36  uours  after  emosure. 

Two  rats  were  exposed  to  412  ppm  for  20  odnutes  and  deaths 
occurred  30  and  55  minutes  after  terminating  the  expostire.  Exam¬ 
ination  of  exposed  rats  indicated  edema  of  the  lungs  was  respon¬ 
sible  for  death.  Tissue  damage  v^s  limited  to  the  lungs.  On 
the  basis  of  these  toxicity  tests,  the  CT  product  causing  50% 
mortality  appears  to  be  sonewhat  greater  than  2000.  Based  on 
this  study.  Compound  A  can  be  considered  to  be  in  the  ssame  toxi¬ 
city  range  as  chlorine  trif’uoride. 

1.2  THEORETICAL  STUDY 

Conpound  A  is  a  highly  energetic  oxidizer  and  under  the 
proper  conditions  can  be  made  to  react  with  almost  all  materials. 
Only  conpletely  fluorinated  coi3q>ounds  and  certain  of  the  Inert 
gases  and  nitrogen  are  completely  inert. 

It  reacts  vigorously  with  most  inorganic  and  organic  com¬ 
pounds.  Because  of  Its  reactivity  a  great  many  materials  were 
considered  for  use  ai  dect.ntam^’vants  for  Compound  A  spills.  These 
candidate  materials  l.ave  been  categorized  in  this  report  by  classes 
such  oxides,  carbonates  rnd  hydroxides.  The  reactions 
written  for  this  study  often  indicate  the  ideal  or  most  complete 
reaction  for  the  chemical  systems,  xhls  would  result  in  the  for¬ 
mation  of  coopletely  fluorinated  and  chlorinated  byproducts.  It 
is  felt  that  these  conditions  wuld  be  approached  since  the  de¬ 
contaminant  was  applied  in  great  excess  in  a  manner  which  provided 
rapid  and  conplete  reaction.  It  must  be  noted  that  in  many  of 
the  Compound  A  reactions  reported  in  the  literature,  the  resultant 
byproducts  are  dependent  upon  precise  mole  ratios  and  carefully 
controlled  temperatures.  Nevertheless,  the  possibility  of  such 
resviltant  byproducts  forming  under  our  test  conditions  have  been 
considered  in  this  theoretical  study.  This  study  is  based  cm  an 
extensive  review  of  both  classified  and  unclassified  literature 
and  reports. 

1.2.1  Oxides 

1.2. 1.1  Water 

The  reaction  of  A  with  water  may  yield  ClOoF,  ClOoF, 

CIO2  and  W  depending  upon  the  reaction  conditions  t^}(5)C6). 

Theie  end  products  are  hazardous  compounds.  The  decomposition 
of  CIO2  at  concentrations  over  about  10%  in  air  can  cause  low 
ord.ir  explosf^as  or  puffs;  4%  in  air  can  sustain  a  decomposition 
wave  if  set  off  by  a  spark  (7).  A  concentration  *>£  45  ppm  in  air 
will  cause  irritation  to  the  eyes  and  nose.  350  ppm  is  rapidly 
fatal  to  gi'lnea  pigs,  150  ppm  causing  death  in  44  minutes  (8). 

0103^  and  HF  are  also  toxic.  The  threshold  limit  value  for  the 
latter,  for  an  8'»hour  day,  40-hour  week  being  3  ppm.  No  T.L.V. 
has  been  esfiablished  for  CIO3F,  ho%rever,  an  interim  value  of 
3  ppm  has  been  suggested. 
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Generally,  the  most  commcri  products  of  the  hydrolysis  of 
ClFe  are  CIO2  and  HF  (9).  Fortunately,  both  CIO2  (10;  and  HF  are 
very  soluble  in  water.  The  products  can  probably  be  trapped  in 
an  excess  of  water  during  decontamination  and  therefore  be  made 
tolerable.  The  standard  heat  evol^d  in  this  reaction  is 
105  kilo.  cal. /mol  A  reacted. 

CIF5  +  2  1/2  HjO  ~>  CIO2  +  SHF  +  1/4  0^ 

A  H  >*105  kilo.  cal. /mol. 

Investigators  generally  agree  that  most  oxides  when 
reacted  with  ClFe  are  converted  to  fluorides.  Oxygen  is  always 
a  product  usually  the  other  volatiles  produced  are  CIO9, 

ClOoF  and  C10>F  (3,  ll,  12).  Metal  oxides  such  as  CuO,  FeO,  and 
Fe20^  do  not  react  at  lOS^’G  (4). 

1.2. 1.2  Calcium  Oxide 

The  reaction  with  CaO  has  reportedly  produced  chlorine, 
oxygen  and  CaF2  (13).  Assuming  this  to  be  the  case,  all  of  the 
fluorine  would-be  recovered  as  insoluble  CaF2*  Chlorine  would  be 
the  only  toxic  product.  Chlorine  represents  only  about  257.  of  the 
total  weight  of  Conqpound  A  and  it  would  be  diluted  approximately 
2  1/2  to  1  by  volume  with  oxygen  upon  formation.  The  standard 
heat  of  this  reaction  is  high  291  kilo.  cal.  evolved  per  mol  A 
reacted.  We  can  write  the  equation  as  follows; 

CIF5  +  2  1/2  CaO  - >  2  1/2  CaF2  +  1/2  CI2  +  1  1/4  O2 

A  H  «  -291  kilo.  cal. /mol. 

Should  the  reaction  proceed  as  is  customary  with  most 
oxides,  we  can  esqiect  to  find  toxic  oxy-chloro-fluorides  as  end 
products.  It  is  probable  that  some  of  these  will  be  found.  Since 
there  is  no  experimental  data,  the  chemistry  of  this  type  reac¬ 
tion  is  in  doubt.  However,  we  can  write  the  following  reaction: 

4  CIF^  +  9  1/2  CaO  - >  9  1/2  CaF2  +  CIO3F  +  2  CIO2  +  1/2  CI2 

+  1  1/4  O2 

AH*  -263  kilo.  cal. /mol. 

This  reaction  indicates  that  over  95%  of  the  fluorine 
would  be  recovered  as  insoluble  CaF2.  The  remaining  5%  would 
evolve  as  volatile  CIO3F.  The  end  products  would  contain  approx¬ 
imately  25%  toxic  volatiles.  The  heat  evolved  in  this  reaction 
is  also  high,  263  standard  kilo.  cal.  evolved  per  mol  A  reacted. 
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In  the  event  chlorine  dioxyfluoride  is  produced,  we  can 
write  the  reaction  as  follows: 

5  ClFc  +  11  1/2  CaO  - >  11  1/2  CaF,  +  CIO-F  +  CIO-F  +  2  CIO, 

+  1/2  CI2  +  1  1/4  Oj 

A  H  **252  kilo.  cal. /mol. 

According  to  this  reaction,  over  90X  of  the  fluorine 
would  be  recovered  as  insoluble  CaF2>  The  rest  would  pass  off  as 
CIO3F  and  ClOoF.  The  yield  would  consist  of  approximately  27X 
toxic  gas.  The  heat  evolved  in  this  reaction  is  252  kilo.  cal. 
per  mol  CIF5  reacted. 

1.2. 1.3  Magnesitm  Oxide 

The  reaction  of  magnesium  oxide  with  A  yields  the  metal 
fluoride  which  is  ralativelv  insoluble  anc  the  volatiles,  CIO3F, 
CIO2F,  CIO2,  CI2  and  O2.  The  reaction  can  be  written  as  follows: 

5  CIF5  +  11  1/2  MgO  - >  11  1/2  M^2  +  ^^^3^  +  +  2  CIO2 

+  1/2  CI2  +  1  1/4  O2 

A  H  ■  -237  kilo.  cal. /mol. 

Here,  as  with  the  CaO,  over  90X  of  the  fluorine  would  be 
captured  as  relatively  insoluble  MgF2*  The  weight  yield  of  toxic 
gas  would  be  the  same.  On  a  percentage  basis  the  yield  would  con¬ 
sist  of  approximately  32X  toxic  gas.  The  heat  evolved  is  some¬ 
what  less  than  with  the  calcium  oxide,  237  kilo.  cal. /mol.  of  A 
reacted. 


1.2. 1.4  Aluminum  Oxide 


The  reaction  of  A  with  aluminum  oxide  is  a  relatively 
mild  one  releasing  only  118  kilo.  cal.  per  mol  of  A  reacted.  The 
reaction  products  are  similar  to  those  of  the  other  oxides  already 
described.  Approximately  94X  of  the  fluorine  would  be  captured 
as  AIF».  Unfortunately,  the  metal  fluoride  formed  is  somewhat 
more  soluble  than  either  the  calcium  or  mamesium  fluoride.  The 
product  yield  would  consist  of  approximately  30X  volatile  toxic 
products.  The  reaction  can  be  written  as  follows: 

6  CIF5  -1  4  2/3  AI2O3  - 9  1/3  AIF3  ■¥  CIO3F  CIO2F  +  2  CIO2 

+  2  1/2  O2  +  CI2 

A  H  «  -111  kilo.  cal. /mol. 
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1.2. 1.5  Silicon  Dioxide 

The  action  of  A  on  silicon  dioxide  is  also  relatively 
mild  releasing  only  119  k-tlo.  cal. /mol.  of  A  reacted.  The  pro¬ 
ducts  are  all  gases.  94%  of  the  fluorine  would  be  tied  up  as 
SiF^,  the  remainder  in  CIO3F  and  ClOoF.  38X  of  the  products 
formed  are  toxic  of  which  unstable  CIO2  makes  up  the  major  part. 
The  reaction  follows: 

6  CIF5  +  7  Si02  - >  7  SIF^  +  CIO^F  +  CIO2F  +  4  CIO2  +  1/2  Oj 

A  H  •  -119  kilo.  cal. /mol. 

1.2.2  Carbonates  and  Bicarbonates 

1.2. 2.1  Sodium  Carbonate 

The  action  of  A  with  sodium  carbonate  reportedly  yields, 
chlorotr ifluoromethane .  carbon  tetraf luoride ,  oxygen  and  an 
unidentified  white  solid  03) .  If  we  assume  the  %ihite  solid  to 
be  a  mixture  of  sodium  fluoride  and  sodium  chloride,  and  further, 
assume  some  CO2  evolves,  we  can  write  the  equation  as  follows: 

2.6  Na2C02  +  2.2  CIF^  - CF3CI  +  CF^  +  4  NaF  +  1.2  NaCl 

+  0.6  CO2  +  3.3  O2 

ah-  -130  kilo.  cal. /mol. 

This  reaction  is  ideal  from  the  standpoint  of  decontam¬ 
inating  A.  Hone  of  the  off  gases  are  toxic,  and  the  solids 
formed  are  inert.  The  heat  evolved  is  reasonable;  130  kilo.  cal. 
per  mol  A  reacted.  36X  of  the  fluorine  is  captured  as  inert 
solid  sodium  fluoride.  The  remainder  is  released  in  the  form  of 
non-toxic  gases,  Genetron  13  and  CF^. 

1.2. 2. 2  Sodium  Bicarbonate 

The  action  of  A  on  sodium  bicarbonate  reportedly  3rield8 
sodium  bifluoride,  cblorotrifluoromethane ,  carbon  tetrafluorlde 
and  oxygen  03)*  If  ^  assume  sodium  chloride  and  carbon  dioxl<te 
are  also  formed,  we  can  write  tt»  reaction  as  follows: 

3.2  HaHOOj  +  2.2  CIF3  - >  2  HaHF2  +  1-2  NaCl  +  ar3Cl  +  CP^ 

+  1.2  CC^  +  0.6  H2O  +  3.3  O2 

A  E  -  -111  kilo.  cal. /mol. 

This  reaction  is  also  excellent  from  the  standpoint  of 
decontaiKinating  A.  No  toxic  gases  are  produced  and  the  solids 
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formed  are  inert  36.51  of  the  fluorine  %n>uld  be  converted  to 
Inert  NaHE?*  t:he  rest  would  be  capttared  as  the  inert  gases 
CF«C1  and  CFa.  The  heat  evolved  is  soneiidiat  less  than  with  the 
soBlum  carbo&ite,  111  kilo.  cal.  per  mol  A  reacted,  and  somewhat 
less  sodium  bicarbonate  would  be  required  per  mol  A  decontamln** 
ated. 

1.2. 2. 3  Calcium  Carbonate 

The  literature  gives  no  data  relative  to  the  products 
formed  by  the  action  of  A  on  calcium  carbonate.  One  reference 
does  state  t^t  there  is  no  visible  reaction,  but  upon  analysis 
33%  of  the  carbonate  had  reacted  (14).  If  we  assume  the  reac¬ 
tion  is  similar  to  that  with  sodium  carbonate,  we  can  write: 

5  CaC03  +  3  CIF^  - CF3CI  +  4  CaF2  +  CF^  +  C«Cl2  +  3  CO2 

+  4  1/2  O2 

AH*  -131  kilo.  cal. /mol. 

This  reaction  shows  excellent  potential  for  decontamin¬ 
ating  A.  53. 8X  of  the  fluorine  would  be  captured  as  inert, 
insoluble  calcium  fluoride.  The  rest  would  be  tied  up  in  the 
inert  gases  CF3CI  and  CF^.  Ho  toxic  end  products  %iould  be  pro¬ 
duced.  The  heat  of  this  reaction  is  431  kilo.  cal. /mol.  A 
reacted. 

1.2. 2. 4  Anyfujinliiin  Carbonate 

The  literature  gives  no  data  relative  to  the  products 
formed  by  the  action  of  A  on  ammonium  carbonate.  One  reference 
states  ttoc  ammonia  (HH3)  forms  KH4CI,  MRaF  and  nitrogen  (15). 

If  we  assume  the  reaction  is  sisdlar  to  that  with  soditmi  carbonate , 
we  can  write: 

2.6  (NH^)2003  +  2.2  CIF5  - — CF3CI  CF^  +  4  1«^F  +  1.2  NE^^Cl 

*  0.6  CO2  +  3.3  O2 

A  H  •  -126  kilo.  cal. /mol. 

This  reaction  also  shows  good  potential  for  decontaadn* 
sting  A.  36  1/2X  of  the  fluorlM  would  be  captured  as  isnatt 
umoaim  fluoride,  the  rest  would  be  found  as  the  inert  uums 
(73CI  and  CFa.  Attln  no  toxic  end  orodocts  would  be  produced. 

The  heat  evolved  here  would  be  126  kilo.  cal. /mol.  A  reacted. 
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1.2. 2. 5  tfattnealum  Carbonate 

AflsuDidng  the  action  of  A  on  magnesium  carbonate  Is  simi¬ 
lar  to  that  with  sodium  carbonate,  me  can  write: 

5  MgCOj  +  3  CIF5  - >  CF3CI  +  4  MgF2  +  CF^  +  MgCl2  +  3  CO2 

+  4  1/2  O2 

A  H  >  -129  kilo.  cal. /mol. 

No  toxic  end  products  would  be  formed.  53  1/2X  of  the 
fluorine  would  be  captured  as  relatively  Insoluble  N^22. 
rest  would  be  found  In  the  Inert  gases  CF3CI  and  CF4.  The  heat 
evolved  would  be  129  kilo.  cal. /mol  A  reacted. 

1.2.3  Hydroxides 

The  action  of  A  on  hydroxy  compounds  Is  usually  rapid 
and  complete  at  ambient  temMrature.  The  reaction  usually  yields 
HF  and  O2  In  addition  to  a  Auorlnated  form  of  the  reactant  sub¬ 
strate,  CI2,  CIO2,  or  CIO2F  (3,  12). 

1.2. 3.1  Calcium  Hydroxide 

The  action  of  A  on  calcium  hydroxide  reportedly  yields 
CaF2)  Ca(C10)2>  HF,  O2  and  CIO2F  <4).  Wa  can  write  the  reaction: 

4  Ca(0H)2  +  3  CIF5  - 5  CaFj  +  Ca(C10)2*4  H2O  +  4  HF  +  CIO2F 

+  2  O2 

A  H  *  -106  kilo,  cal  ^mol. 

Approxlfflately  67X  of  the  fluorine  would  be  tied  up  as 
insoluble  Ctf2f  remainder  would  evolve  as  toxic  gases  W  and 
CIC^F.  The  standard  heat  evolved  from  this  reaction  Is  106  kilo, 
calf  per  mol  A  reacted, 

1*2. 3.2  Spdl<irHTdgaldft 

Mo  work  Is  reported  on  the  action  of  A  on  sodium  ^^oxlde, 
however,  an  excess  of  NaCffl  would  preclude  the  presence  of  HF  as 
a  pro^t.  CIO^  reacts  with  RaOB  to  yield  IlaC103,  KaF,  H2O  and 
O2  (16).  By  analogy  one  sd^t  expect  CIO2F  to  react  In  a  similar 
mixBier.  He  can  write: 

6  HaCM  ■¥  CIF3  - >  5  HaF  +  NaC103  +  3  H2O 

AH*  -302  kilo.  cal. /mol. 

All  of  the  fluorine  would  be  tied  up  as  solid  sodliSvi 
fluoric,  no  toxic  prodvwts  would  be  formed. 
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1. 2. 3. 3  AplmQn^u^n  Hydroxide 

No  work  is  reported  on  the  action  of  A  on  anmonlum  hydrox’ 
Ide.  However,  by  reasoning  similar  to  that  used  In  the  sodium 
hydroxide  case,  we  can  asstase  no  HF  will  be  present  with  an  excess 
of  NH4OH.  We  would  not  expect  to  find  chlorates  as  a  product.  If 
i  ly  Is  formed  It  would  probably  decoiqK>se  to  the  chloride .  We  can 
write: 

6  NH^OH  +  CIF5  - >  5  NH^F  +  NH^Cl  +  3  H2O  +  1  1/2  ©2 

A  H  ■  -259  kilo.  cal. /mol. 

All  of  the  fluorine  would  be  captured  as  solid  ammonium 
fluoride.  No  toxic  products  would  be  formed. 

1.2.4  Hydrates 

Hydrous  oxides  react  vigorously,  the  products  being  simi¬ 
lar  to  the  reaction  of  A  and  water.  Hydrates  of  metal  fluorides 
yield  ClOo,  O2,  CIO2F  and  CIO^F  (13).  The  action  of  A  on  soditmi 
tetraborate  hydrate^reportecHy  yields  only  a  solid  and  oxygen 

(12) .  BF^.  ^  and  HCl  are  assumed  to  be  tied  up  by  NaF  or  excess 
hydrate.  '^The  action  of  A  on  hydrated  sodium  metaslllcate  Is 
reportedly  similar  to  that  with  A  on  hydrated  sodium  tetraborate 

(13)  I  yielding  oxygen,  a  small  amount  of  chlorine  and  solid.  No 
data  Is  given  on  the  chemistry  of  these  reactions.  It  Is  so 
Involved  that  no  attempt  will  be  made  to  %nrlte  them  and  therefore 
reaction  heats  will  not  be  calculated. 

1.2.5  Conclusions 

Because  of  its  similarity  to  CTF  one  would  expect  that 
water,  or  a  dilute  aqueous  solution  of  ammonia,  would  be  a 
satisfactory  decontamlnant .  The  theoretical  study  shows  that 
all  of  the  products  formed  In  the  water  reaction  are  gaseous  and 
two  of  them  are  toxic,  HF  and  0102-  CIO2  under  certain  conditions 
can  also  be  explosive.  However,  both  CIO2  and  HF  are  very  solu¬ 
ble  In  water.  If  an  excess  of  water  Is  used  as  would  be  the  case 
In  decontamination,  a  high  percentage  of  both  the  ClOo  and  HF 
formed  can  be  harmlessly  trapped.  The  heat  evolved  with  water 
Is  low,  105  kilo.  cal. /mol  A  reacted.  The  other  oxides  Investi¬ 
gated  generally  capture  a  blj^  percentage  of  fluorine  as  Inert 
solids  ranging  from  90-100X.  Ttw  exception  Is  SIO2  all  of  the 
products  of  which  are  gases.  The  oxides  generally  produce  a 
variety  of  toxic  and  explosive  gaseous  products.  The  beats 
evolved  range  from  about  115  to  300  kilo.  cal. /mol  A  reacted. 

All  of  the  carbonates  hsve  excellent  potential  aa  decon- 
tamlnantt  for  A.  No  toxic,  exploalve  or  Incendiary  products  are 
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produced.  Approximately  35  to  55%  of  the  fluorine  can  be  cap¬ 
tured  as  inert  solids,  the  rest  evolves  as  non-toxic  gas.  The 
heat  evolved  from  the  reaction  with  carbonates  is  reasonable 
ranging  from  about  110  to  130  kilo.  cal. /mol  A  reacted. 


Of  the  hydroxides .  sodium  and  anmonium  show  good  poten¬ 
tial,  neither  of  these  yield  toxic  products.  In  each  case  all 
of  the  fluorine  is  captured  as  solid  inert  material. 


The  action  of  sodium  tetraborate  hydrate  and  sodium 
metasilicate  on  A  reportedly  yields  desirable  products  from  the 
standpoint  of  decontamination. 


1.3 


STUDY 


A  laboratory  investigation  to  find  suitable  decontamin¬ 
ants  for  Compound  A  was  conducted.  This  problem  Involved  seventy 
actual  decontamination  runs  with  water  and  aqueous  solutions  of 
candidate  decontaminants.  Ninety-six  samples  of  residual  spray 
liquors  were  analyzed.  This  e]q}erimental  investigation  considered 
the  techniques  and  materials  used  successfully  in  CIF^  decontam¬ 
ination  studies  (1)  as  well  as  candidate  materials  sujuested  by 
the  literature  search  and  theoretical  study  on  Conq>OLmd  A. 

1.3*1  AopMratus 

The  decontamination  setup  (Figure  1.1)  consisted  of  a 
spray  chamber  and  a  test  decontaminant  delivery  system.  The 
chamber  was  a  stainless  steel  column,  24"  high  and  6"  in  diameter. 
The  chamber  contained  a  copper  cold  ringer  to  condense  the  pro¬ 
pellant.  The  liquid  propellant  was  then  collected  in  a  cali¬ 
brated  centrifuge  tube.  This  glass  receiver  was  held  in  place 
by  a  pair  of  clasps.  An  "anvil"  was  adjusted  against  the  wall  of 
the  tube  to  assure  breakage  and  spillage  of  the  propellant  when 
the  trigger  mechanism  was  released.  The  plexiglass  wind^  was 
sealed  to  the  chamber  opening  with  a  Viton  A  'v"  ring  which 
showed  satisfactory  performance.  However,  the  plastic  window 
becane  etched  and  was  replaced  twice.  The  chamoer  had  several 
(Openings  and  connections.  The  dished  bottom  was  provided  with  an 
outlet  drain  with  a  stopcock.  The  drain  was  ;^rovided  with  a 
stainless  steel  screen  which  prevented  glass  particles  from  dn- 
aging  the  stopcock  valve.  A  nitrogen  purge  line  extended  through 
the  wall  into  the  lower  part  of  the  chmaber.  A  vent  line  was  pro¬ 
vided  near  the  top  of  the  colusn.  Three  1/8"  copper  lines  ex¬ 
tended  throu^  the  chamber  wall  and  carried  the  coolmat  and  the 
propellant . 

The  spray  nossle  was  mounted  on  the  bottom  of  the  spray 
chamber  cover.  T^  typca  of  nossles  were  purchased  from  graying 
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^steois  Company  in  order  to  achieve  a  vide  range  of  spray  rates. 

The  lover  rated  nozzle  was  an  adlustable  cone  Jet  Mo.  5500*X1. 

This  particular  model  was  availanle  only  in  brass,  a  m^'torial 
which  we*  not  fully  resistant  to  several  of  the  candidate  decon* 
taminants.  This  therefore  necessitated  fre<iuent  calibre  :ion  and 
nozzle  replacement.  The  second  type  nozzle  was  a  No.  1/8  G.G.S.S.* 
1  stainless  steel  full  Jet  nozzle.  It  should  be  noted  these  t%io 
types  were  selected  because  they  produced  a  similar  spray  pattern. 

A  Hoke  solenoid  valve.  No.  90Alw,  mounted  at  the  top  of  the 
cover,  was  used  to  start  and  stop  the  spray. 

The  chaober  was  connected  to  the  decontaminant  reservoir 
with  1/4"  stainless  steel  tiding.  The  reservoir  was  a  500  ml. 
stainless  steel  cylinder  which  was  pressurized  with  nitrogen 
after  it  had  been  filled  with  the  test  solution.  Mot  shorn  in 
Figure  1.1  are  the  electric  relays  and  solenoid  valves  which  were 
used  to  maintain  constant  spray  pressures  during  the  nms.  The 
relays  which  operated  off  the  pressure  gauge  kept  the  reservoir 
pressure  within  ±1  psig  of  the  preset  pressure. 

The  coolant  system  likewise  is  not  shown.  It  consisted 
of  a  centriflcal  pwp  which  circulated  acetone  throu^  a  dry 
ice-acetone  cooled  coil  into  the  cold  finger.  This  system  was 
capable  of  maintaining  a  cold  finger  temperattnre  below  -60 “C. 

1.3.2  Haterlalg 

The  materials  used  to  make  up  the  decontamination  solu¬ 
tions  were  all  B6A,  Reagent  Grade  Chemicals.  Reagent  chemicals 
were  chosen  to  eliminate  any  possible  side  reactions  from  Impuri¬ 
ties  chat  might  have  Interferred  with  our  analysis.  This  mi^t 
have  occurred  If  technical  or  coeRwrcial  grade  materials  with 
their  normal  ix^urltles  had  been  used.  It  Is  not  Co  be  construe!, 
however,  that  reagent  materials  must  be  used  in  actual  practice. 

On  the  contrary,  cocmterclal  grades  are  to  be  preferred  since  they 
are  both  more  economical  and  more  readily  available. 

1.3.3 

The  fird:  step  in  the  test  procedure  involved  the  posi- 
tionirg  of  the  propellant  receiver.  The  receivers  were  volusmcrl- 
celly  calibrated  conical  centrifuge  tubes  (Coming  CatalofpM  type 
No.  k)80)*  VoluHMtrlc  accuracy  was  necessary  since  each  run 
used  2.0  ml.  of  condensed  CIF5.  At  the  cold  finger  tesmerature 
the  specific  gravity  of  Compound  A  was  1.9.  Thus  2.0  ml.  of  pro¬ 
pellant  was  equivalent  to  3.8  grams. 

After  the  centrifuge  t\d>e  waz  positlcMied  end  the  chmsber 
window  sealed,  the  chaaber  and  propellant  line  were  purged  with 
dry  nitrogen.  Thia  precuaclon  prevented  frost  formation  on  the 
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cold  flTLger  or  condensation  on  the  glass  tube.  The  coolant  was 
then  circulated  and  the  propellant  condensed.  When  the  desired 
amount  of  liquid  had  been  collected,  the  propellant  feed  and 
nitrogen  purge  were  closed  off  and  the  trigger  pulled  to  break 
the  glass  tube.  Two  seconds  after  the  spill,  the  spray  was 
started.  The  spray  was  continued  for  the  required  time  to  pro¬ 
vide  the  desired  ratio  of  decontaminant  to  propellant.  The 
spray  rate,  which  was  a  function  of  the  reservoir  pressure,  was 
always  preselected.  A  timing  mechanism  was  used  to  control 
spray  duration  when  short  spray  periods  were  required.  When 
low  spray  rates  were  selected  together  with  high  iipray  ratios, 
the  duration  of  the  spray  exceeded  the  limit  of  our  timer.  For 
these  runs  the  spray  was  timed  with  a  stoy>watch. 

When  the  spray  had  been  shut  off  the  chand}er  walls  were 
allowed  to  drain  for  5  minutes  before  the  spent  liquor  was 
collected.  The  volume  of  this  liquor  was  measwired.  This  pro¬ 
vided  a  quick  check  of  the  spray  nozzle  calibration  as  well  as 
a  check  on  the  spray  system  and  the  calculated  spray  ratio. 

The  spent  liquor  was  analyzed  for  fluoride,  chloride 
and  oxidizing  power.  This  data  was  then  used  to  determine  the 
percentage  of  the  propellant  that  was  neutralized  or  decontamin¬ 
ated.  In  some  runs  the  %Fall8  of  the  chamber  ^re  rinsed  and  this 
rinse  was  also  analyzed  to  provide  an  Indication  of  chai^er  hold 
up.  The  spray  chadber  was  always  cleaned  and  dried  between  runs. 

1.3.4  Experimental  Data 

1. 3.4.1  Water 

The  effectiveness  of  neat  water  spray  as  a  decontamln- 
ant  was  e]q>lored  quite  thoroughly  since  it  was  used  to  establish 
optimum  CIF^  to  decontaminant  spray  ratios  as  well  as  spray 
rates.  The  results  of  the  water  tests  are  shown  In  Table  I.l. 

No  explosions  or  other  evidence  of  extremely  vigorous  reaction 
were  noted  In  any  run.  However,  on  two  occasions,  a  flash  was 
seen  when  the  spill  was  deluged  and  on  three  occasions,  a 
whistling  noise  was  heard.  No  positive  explanation  for  the 
whlatle-llke  sotmd  can  be  given,  but  It  Is  believed  to  have  been 
caused  by  the  spilled  A  entering  the  drain  line  anJ  reacting  In 
this  relatively  confined  spuce. 

All  test  runs  were  done  In  duplicate.  The  results  of 
the  duplicate  runs  did  not  always  check  as  closely  as  would 
have  been  desired.  A  possible  reason  for  this  discrepancy  is 
that  the  sDeasvured  voluste  of  A  could  be  off  by  tO.l  ml.  (the  limit 
of  reading  the  tube  calibration) .  This  could  result  In  a  weight 


Confidential 


CONFieENTIAL 


error  of  ±5X.  Conse^ently.  the  difference  in  recovered  equiva¬ 
lents  of  Coopotmd  A  in  duplicate  runs  could  be  as  great  as  10%. 

After  certain  selected  runs,  the  spray  chamber  was  rinsed 
with  the  same  qiiantlty  of  spray  and  at  the  same  spray  rate  as  was 
used  for  the  actual  run.  The  purpose  of  this  was  to  determine 
the  amount  of  chlorides  and  fluorides  that  were  deposited  on  the 
chan£>er  wall  or  remained  suspended  in  the  chandler  vcmors.  The 
rinse  recovery  of  fluoride  and  chloride  was  appreciable  for  runs 
with  low  spray :C1F5  ratios  and  became  less  significant  when  the 
60:1  ratio  was  used.  You  will  note  that  two  water  runs  Nos.  6A 
and  6B  showed  very  high  fluoride  and  chloride  recovery.  Four 
additional  runs  (28A  and  B,  31A  and  B)  ve.re  made  under  the  identi¬ 
cal  spray  conditions.  These  additional  runs  did  not  achieve  the 
same  degree  of  decontamination.  Neat  water  alone,  however,  does 
appear  to  be  a  satisfactory  decontaminant.  The  combined  recovery 
of  inert  chloride  and  fluoride  from  the  initial  spray  and  the 
rinse  indicated  a  neutralization  in  excess  of  80%  of  the  CIF5 
under  the  best  6pr«iy  conditions. 

1. 3.4.2  Other  Degnnfr«m<T»int:g 

The  effectiveness  of  aqueous  solutions  of  candidate  de¬ 
contaminants  was  also  Investigated.  In  anticipation  of  possible 
vigorous  reaction,  a  very  dilute  decontasiinant  solution  (1%)  was 
tried  Initially  to  deter^ne  its  coomatibllity  with  Compound  A. 
Stronger  solutions  were  used  to  establish  effectiveness  as  a 
decontaminant .  The  results  obtained  from  these  test  solutions  are 
shown  in  Table  1.2.  In  some  duplicate  runs  the  results  did  not 
check  closely.  The  technique  used  for  evaluating  these  materials 
was  identical  to  that  used  for  the  neat  water  I’une  and  the  same 
coiaments  on  accuracy  are  therefore  applicable.  Since  water  alone 
did  a  good  job  of  decontamination,  solutions  of  candidate  mater¬ 
ials  were  expected  to  show  improvement.  Some  decontmsinant 
solutions,  however,  yielded  a  lower  recovery  of  fluorides  and 
chlorides  than  was  obtained  from  neat  water.  The  other  decontam- 
Inants  fell  in  the  same  general  razige  of  effectiveness.  However, 
it  should  be  twted  all  test  materials  proved  to  be  safe  as  used. 

No  explosions  occurred  although  some  flashes  and  whistling  were 
noted. 


1.3.5  Aaalr^ical  Procedure 

The  analytical  procedure  uaed  for  evaluating  the  effec¬ 
tiveness  of  the  several  decontaminants  waa  based  on  standard  pro¬ 
cedure.  Since  Compound  A  has  the  formula  CIF5.  tl»  decontemimmt 
effectiveness  was  baaed  on  the  recovered  chloride  and  fluoride 
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values  in  the  spent  liquor.  Water  or  aqueous  solutions  of  test 
materials  %«ere  sprayed  in  predetermined  ratios  on  spilled  Com¬ 
pound  A  at  sever  1  spray  rates.  The  residual  liquor  from  the 
spray  which  contaii^d  tne  reaction  byproducts  was  collected  and 
analyzed.  Gaseous  effluents  from  the  spray  chandler  could  not  be 
collected.  Therefore,  a  material  balance  could  not  be  obtained. 

In  addition  to  fluoride  and  total  chloride,  the  spent  liquor 
was  also  analyzed  for  oxidizing  power  which  was  reported  as  free 
chlorine  eqxii valent.  The  spent  liquor  was  diluted  to  a  constant 
volume  and  aliquots  were  taken  for  these  analyses. 

1.3. 5.1  Fluoride 

An  aliquot  of  the  spent  liqtior  was  distilled  from  per¬ 
chloric  acid  at  a  constant  teoneratiire  of  133 °C  and  250  cc  of 
distillate  collected.  Hydrozylamine-hydrochloride  was  added  to 
an  aliquot  of  the  distillate  to  prevent  interference  from  free 
chlorine  or  other  oxidizers  that  might  be  present.  The  total 
fluoride  present  was  then  determined  by  a  thorium  nitrate  titra¬ 
tion. 

1.3. 5. 2  Total  Chloride 

Sulfurous  acid  was  added  to  a  second  aliquot  of  the 
spent  liquor  and  the  solution  was  evaporated  to  a  small  volume. 
Water  was  added  to  this  concentrated  solution  and  it  was  again 
evaporated  to  a  small  volume.  The  solution  was  again  diluted 
with  water,  oiade  slightly  basic  %rith  dilute  NaOH,  and  one  gram  of 
Devarda's  Alloy  was  added.  After  two  additional  evaporations 
and  reconstitutions  with  water  as  initially  performed,  the  solu¬ 
tion  was  decanted  from  the  alloy.  The  alloy  was  rinsed  with  nitric 
acid.  The  decanted  solution  together  with  the  acid  washings 
from  the  alloy  were  then  analyzed  for  total  chloride  by  a  Volhard 
titration. 

1.3. 5. 3  Free  Chlorine 

Several  of  the  test  decontaminants  have  he^n  reported  In 
the  literature  to  have  formed  oxidizing  compounds  ^en  reacted 
with  Compound  A.  The  oxidizing  power  of  the  spent  liquor  was 
therefore  detenained  and  reported  aa  free  chlorine  equivalenta. 

Some  poasible  oxidizera  that  could  be  present  were  CIO^,  CIOa*, 

OCl*  and  Clo.  A  third  aliquot  of  the  spent  liquor  solution  was 
made  slightly  basic  with  dilute  caustic  and  Chen  filtered.  The 
filtrate  was  acidified  with  acetic  acid.  Potassium  iodide  was 
added  and  the  released  iodine  which  was  titrated  with  sodium 
thiosulfate  correapmided  to  the  amount  of  oxidizer  present.  Cal- 
culaticma,  however,  were  baaed  on  the  assumption  that  the  oxidi¬ 
zer  waa  chlorine. 
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1-3.6  Eccmoiaic  Evaluation 


An  economic  evaluation  of  the  test  decontaminants  was 
made.  The  estimated  cost  of  decontAminatlng  a  one-hundred 
poin^d  spill  of  Conmound  A  is  shown  in  Table  1.3.  The  cost  as 
shown  is  based  on  both  the  lowest  price  of  the  dec^mtaminating 
agent  on  a  ton  basis ^  as  well  as  its  relative  effectiveness. 
The  cost  of  water  is  ignored  since  it  is  relatively  insignifi¬ 
cant  and  would  be  roughly  equal  for  each  test  solution.  Of 
course,  the  most  economical  material  is  therefore  neat  water. 
The  cheapest  deconcaminants  in  ascending  order  are  HII4OH, 
NaHCO^t  HaoCO^,  NaOH,  and  Na2B40y‘lQH20  all  of  which  were  less 
than  f 30. 00/100  pounds  of  Coisqiound  A. 

1.3.7  Conclusions 


In  the  recommendation  of  a  suitable  material  as  a  decon¬ 
taminant  for  Cooqpound  A,  the  several  criteria  previously  listed 
were  considered.  The  nature  of  the  reaction  byproducts  was 
carefully  considered.  On  this  basis  alone  neat  water,  which  showed 
a  very  high  effectiveness,  cannot  be  considered  the  best  decon¬ 
taminant.  The  fluoride  in  the  spent  liquor  is  present  as  HF,  a 
hazardous  acid.  Likewise,  some  of  the  unrecovered  fluoride  values 
are  assumed  to  have  escaped  as  toxic  HF  vapors.  On  the  other 
hand,  NaRC03  and  Na2C03  captured  consideraole  amounts  of  A  but 
much  of  the  chlorine  was  present  in  the  spent  liquor  as  oxidizers 
(Table  1.4).  These  three  materials  would  therefore  require  some 
secondary  treatment  to  render  the  reaction  products  co^letely 
Inert.  Several  materials  were  relatively  ineffective  as  decon¬ 
taminants  (sodium  tetraborate,  boric  acid  and  sodium  silicate) 
and  cannot  therefore  be  recommended.  Two  materials  that  were 
quite  effective  were  NaOH  and  KOH.  However  both  of  these  are 
relatively  hazardous.  Ammonium  carbonate  was  relatively  esroen- 
slve  although  otherwise  satisfactory.  The  best  materials  there¬ 
fore  were  ammonium  bicarbonate  and  ammonium  hydroxide.  Although 
both  uiaterials  are  effective,  the  bicarbonate  is  more  expensive. 

The  hydroxide  also  had  the  awantage  of  a  very  hl^  vapor  phase 
effectiveness  as  shown  by  copious  fuses  of  relatively  inert  HHaF 
and  NH^Cl  in  both  the  chind>er  and  in  the  effluent.  Costaiderlx^ 
all  these  factors,  our  investigation  indicated  that  dilute 
aqueous  solutions  of  asRoonla  best  met  all  the  criteria  for  a 
suitable  decontawlnant  for  Coaq>ound  A.  It  ahould  be  noted  that 
the  decontamlnatioa  byproducts  forusd  from  nmmnnls  are  quite  sol¬ 
uble  and  thus  may  be  readily  removed  by  fluahlng  with  mater. 

However  should  the  spill  occur  in  an  araa  whera  the  formation  of 
a  watar  soluble  fluoride  may  ba  undersirable,  thase  raslduea  would 
be  aubaequently  treated  to  produce  Ineolubla  fluoriitea.  Applica¬ 
tion  of  Impropriate  calcium  salta  to  the  residues  would  pro^e 
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relatively  insoluble  calcium  fluoride  thus  avoiding  possible  fluor¬ 
ide  infiltration  of  the  terrain. 
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TABLE  1.1 

LIQUID  CQMPQtlMP  A  SPILLS 
WATER  SPRAY  PECONTAMINATIOH 


ga.  Ratio 
H«OrA 


X  Recovered 

51-  r  ”15*^ 


Remarkfl 


lA 

3.8 

75 

IB 

3.8 

75 

IB-R 

- 

75 

2A 

3.8 

75 

2A-R 

- 

75 

2B 

3.8 

75 

3A 

3.8 

75 

3A-R 

- 

75 

3B 

3.8 

75 

4A 

3.8 

104 

4B 

3.8 

104 

5A 

3.8 

104 

5B 

3.8 

104 

6A 

3.8 

104 

6B 

3.8 

104 

7A 

3.8 

610 

7B 

3.8 

610 

7C 

3.8 

610 

7C-R 

610 

8A 

3.8 

610 

8B 

3.8 

610 

2aA 

3,8 

104 

28A-R 

m 

104 

2SB 

3.8 

104 

3U 

3.8 

104 

31A-R 

- 

104 

31B 

3.8 

104 

15:1 

38.1 

54.2 

50.0 

15:1 

23.3 

56.6 

47.6 

15:1 

35.0 

20.2 

24.2 

30:1 

54,4 

70.0 

65.8 

30:1 

19.4 

15.4 

16.6 

3vl:l 

48.5 

88.4 

77.6 

60:1 

53.4 

72.9 

67.6 

60:1 

11.7 

6.5 

7.9 

60:1 

56.3 

70.8 

66.8 

15:1 

43.7 

53.1 

50.5 

15:1 

34.6 

46.6 

43.2 

30:1 

59.2 

75.1 

70.8 

30:1 

51.5 

75.1 

68.6 

60:1 

69.5 

106.1 

96.3 

60:1 

63.1 

106.1 

94.5 

30:1 

•• 

••• 

Saiq>le 

Lost 

30:1 

48.5 

26.7 

32.6 

30:1 

11.7 

70.8 

54.8 

Flash 
and  noise 
noted 

30:1 

28.2 

17.7 

25.8 

60:1 

15.5 

53.1 

42.9 

Whistle 

heard 

60:1 

63.1 

66.4 

65.5 

60:1 

62.1 

76.9 

72.9 

60:1 

13.6 

6.5 

8.4 

60:1 

57.3 

62.5 

61.1  Flash 
and  whistle 
noted 

60:1 

41.7 

77.7 

67.9 

60:1 

18.4 

12.6 

14.2 

60:1 

24.3 

58.8 

49.5 

NOTE:  Runs*  deaignated  by  an  are  rinses  of  spray 
chamber  after  the  actual  run  sanple  had  been 
collected.  For  exaomle  IB-R  is  ttw  rinse  from 
IB.  The  rinse  was  alw  lys  made  at  the  soose 
spray  rate  and  ratio  (jpna  of  rinse)  as  the 
actual  run. 
w 

Total  Cl-  and  F"  recovered  calculated  as  X  of 
Compound  A  neutralized. 


Confidential 

17 


^  i 


Confidential 


t-i^O  OQD 
•  «  •  • 
'Oi^  om 

irjvo  I**® 


CO®  ®® 
•  •  •  • 
oo  o® 

fvr. 


M1C4  o  <j\ 

*  m  •  « 

"'0V  ®t-l 

f-i  in  vO  o 


si-  St 
>«/  '-z 
St  in  rS  rS 
•  •  •  • 
fOCJV  CM  CM 

r*.vo  is-n* 


CMl  -<1 


m  -< 
fl  •• 

oS 

U  II 

H  Oh 


U  I 

Ou  jr; 

«  c 


1-^0%  OvO 
•  •  •  • 
®  CM  CM  St 


CMCM  c^  o 


®St  0 1^  l'»rS  »-4  V0O\  St  rS  rS  ri  ^&*0\  i-So'm®  vO  CM 

inH  cncn  r-i<n  rscM  t*->cM  r4M  cm®  ®in  ®in  ® 

St®  ®®  m®  ®®  ®st  ®®  ®®  o®  ® 

MP-'  cMr--  ®®  ®is.  ov®  ®eM  ®®  oo 


®w  ®o  o® 

®®  St®  ®® 


Q®  ®Q 
®®  ®® 


®®  ®»-«  CM®  rx® 
CM®  CMCI  n*®  CMCM 


SOS  ®® 

®  ®  ®  ®  ® 


o®  0\rS  ®®  St®  O®  ®0  ®S^  ®®  CMrS  CM  t>*  ®  O 

®®  ®®  CMO  'i-®  ®®  ®®  rSSt  CM-^  OvCM  *-«  ®  P-*  rS  fs.  P-» 

®p-*  ®®  r^®  ®st  ®®  ®®  ®®  p»»r»  ®®  ®r'*  n.p^  is.® 

■4-®  '^fs. 


®  ®  ®  ®  O 

8888®m(i^^ 

1=  1=  I  I'  %  i= 

.S®rM®f»l®in®® 

Confidential 


®  ®  8 
I  §  i:  g 

#  1=  g* 

H  »«  »<  H 

®  ®  ®  vM 


65.8 


Spray  Rate  ■  75  Spray  Rate  •  "S  Spray  Rate  *104  Spray  Rate  “610 
Ratto-30:1  Ratlo“60:l  Ratio“60:I  Ratio“60;l 


CoNFiDENTIAL 


TABLE  1.3 

COMPOUND  A  DECOirrAMINATION 
ECONOMIC  EVALUATION 


Est.  Cost  to 


Decontaminant 

Est.  Cost/Ton 

Approx. 

Effect 

Lbs. 

Reouired 

Neutralize 
100  lbs.  A 

1. 

H2O 

$ 

74T 

6000 

$ 

2. 

NaHCO^ 

59 

717. 

423 

12.48 

3. 

Na2C02 

62 

m 

423 

13.11 

4. 

KOH 

192 

711 

423 

40.61 

5. 

NH^HCOg 

150 

721 

417 

31.28 

6. 

(NH^)2003 

720 

681 

441 

158.76 

7. 

HH^OH 

45 

601 

500 

11.25 

8. 

NaOH 

60 

60X 

500 

15.00 

9. 

Na2B^O^*10H2O 

44 

40X 

750 

16.50 

10. 

H3I103 

112 

311 

968 

54.21 

11. 

Na2Si03‘9H20 

68 

361 

833 

28.32 

Prices  of  decontffialnant  ss  of  NoveDd>er  1965  on  lOOX  basis. 

NOTE:  All  costs  are  based  on  decontaminant  effectiveness  using 
a  5X  aqueous  solution  at  a  spray  to  spill  ratio  of  60:1. 
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TABLE  1.4 

COMPOUND  A  DECOWTAMIMATION 
SPENT  LIQUOR  OXIDIZER  CONTENT 


Decontaminant 

"k 

Average  Effectivenesa 

Ayerage^  Fre^  CI2** 

Neat  H2O 

74% 

2% 

5%  NaHCO^ 

71% 

23% 

51  Na2C03 

71% 

29% 

51  NaOH 

60% 

1% 

5^  Na2B^Oy*10H2O 

40% 

25% 

51  H3BO3 

31% 

2% 

51  KDH 

71% 

<1% 

51  Na2Si03'9H20 

36% 

34% 

51  NH^HC03 

72% 

3% 

51  (NH^)2C03 

68% 

4% 

5%  NH^OH 

60% 

3% 

Average  of  all  runs  made  at  60:1  ratio  at  apray  ratea  of 
75  a)M  104  ml/tain  ^ 


Oxldlaer  content  of  realdual  apray  liqvor  calcxilated  ae 
free  chlorine. 
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SECTION  2 

MIXED  HYDRAZINE  FUELS 

2.1  PBACTICAl.  STUDY 

2.1.1  General 


Mixed  hydrazine  fuels  (MHF)  are  mixtures  of  monomethyl" 
hydrazine,  hydrazine  and  with  one  exception,  hydrazine  liitrate. 
Four  specific  compositions  have  been  investigated  and  are  iden* 
tified  as  follows: 


Monomethyl 

Hydrazine 

MHF-3 

86% 

>fflF-4 

50.5 

MHF-5 

55 

MHF-1 

45.3 

Hydrazine 

Hydrazine 

Nit.,  ate 

14% 

D 

32.5 

17% 

26 

19 

23.3 

31.4 

These  fuels  are  clear,  water  white  liquids.  They  are 
strong  reducing  agents,  alkaline,  and  very  hydroscopic.  They 
are  also  extremely  flammable  and  quite  toxic.  They  are  not 
shock  sensitive  and  are  quite  stable  in  storage.  In  general, 
these  materials  present  no  greater  hazard  than  do  the  several 
consonants  taken  individually. 


2.1.2  Decontamination 


The  standard  practice  for  combating  spills  and  resultant 
fires  of  mixed  hydrazine  fuels,  is  to  flush  with  copious  quantities 
of  water,  use  dry  chemical  extinguishers  or  use  low  expansion  foam. 
hHF-1  fires  are  easily  extinguished  with  either  water  fog  or  foam. 
Salt  or  fresh  water  may  be  used  (1).  Dry  chemical  extingulshants 
reportedly  worked  as  well  on  MHF  as  on  usollne.  Low  expansion 
foam  was  nearly  as  effective  on  MHF  fuels  as  it  was  on  gasoline. 
Higii  expansion  fom  showed  excessive  breakdown  in  contact  with  MHF 
with  resultant  erratic  action  (2). 

MHF' 3  does  not  ignite  spontaneously  upon  pouring.  Neither 
electric  sparking  of  the  vapors  sbove  the  surface  of  MHF*-3,  nor 
dropping  weii^ts  into  this  fuel  <hxrlttg  burning,  results  in  detona¬ 
tion.  MSF-3  is  wholly  miscible  with  water  and  when  diluted  in  ex¬ 
cess  of  40%  by  volunm  with  water  it  is  rendered  non-co«b\Mitible. 
MHF-3  fires  are  readily  extinguished  by  all  extinguishing  agents, 
mechoicsl  foam,  water  fog,  solid  water  stream,  CO,,  Purple  K  and 
NaHCO^  dry  powder  (3).  ^ 
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Under  special  conditions  MBF~1  and  MaF~4  can  be  made  to 
detonate  aftsr  burning  for  short  periods  of  titae  (4). 

2.1.3  ToacLclty 

The  literature  review  did  not  disclose  any  toxicity  in¬ 
vestigations  on  the  mixed  hydrazine  fuels  as  such.  The  toxicity 
of  the  mixed  fuels  is  considered  to  be  similar  to  that  of  acno- 
raethylhydrazine  (hMH).  This  component  has  the  lowest  boiling 
point.  is  more  toxic  than  hydrazine.  The  LD^  (rats  exposed 

for  four  hours)  of  MMH  is  74  ppm  as  compared  to  5/0  pim  for 
hydrazine  (5).  Detection  of  the  odor  of  I#!IH  should  offer  warning 
since  It  can  be  detected  at  1-3  ppm.  The  local  effects  due  to 
acute  exposure  to  MMH  are  similar  to  those  effects  observed  for 
hydratine  (See  Section  5  of  this  report). 

MHH  was  found  to  produce  hemolysis  and  elevated  tempera- 
t\ire  in  exposed  dogs.  Destruction  of  red  blood  cells  ffiod  central 
nervous  sytitem  stimulation  occurs  with  IflH  to  a  greater  extent 
than  the  other  hydrazines. 


Contact  with  the  liquid  may  cause  bums,  severe  skin  and 
e^  damage,  and  systemic  poiaoning.  If  the  fuel  does  contact  the 
skin,  contasdnsted  clothing  should  be  removed  and  the  exposed  area 
flushed  vith  copious  quantities  of  water.  Eyes  should  be  flushed 
for  at  least  15  minutes.  Where  exposure  to  the  vapors  has  occurred, 
the  victim  should  be  removed  to  an  uncontaadnated  area  and  kept  as 
quiet  "S  possible.  Medical  attention  by  a  physician  is  advised  in 
all  cases  of  contact  or  inhalation  exposure. 


2.2 


a;Ai«.gy]gDx 


There  is  consi<^sbIy  less  informstion  on  the  chemistry  of 
monomethyl  hydrssine  (MMH)  and  hydrazine  nitrate  than  on  hydrazine. 
However,  one  may  assiaw  that  many  of  the  reactions  of  are  simi¬ 
lar  to  the  reactions  for  hydrazine. 


Bydrazlne  nitrate  un^goes  decod^zltlcm  is  a  vacimm  in 
the  nei^iiborhood  of  200*C  according  to  the  equation: 

4H2H5MO3  — >  5^2  2M0  -f-  10^20 

H  •  -106  Ello.cal./moi. 
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It  bums  rapidly  i  open  air,  and  if  heated  under  con¬ 
finement,  it  will  explode  violently.  Contact  vd.th  oxidizing  agents 
such  as  chromate,  peroxide  and  permanganate  cause  inflacmation. 
Finely  divided  metals  such  as  copper  and  zinc  cause  flaming  de¬ 
composition  (6) . 

The  preferred  products  of  decontamination  would  be  salts, 
coc^lexes  or  inert  gases.  Since  one  of  the  cooqjonents  of  MHF  is 
hydrazine  and  the  other  two  components  are  generally  similar  to 
hydrazine,  decontaminant  materials  similar  to  those  used  for  de¬ 
contaminating  hydrazine  are  indicated. 

2.2.1  Conclusions 

Materials  suitable  for  hydrazine  decontamination  (7)  should 

be  suitable  for  MHF  decontamination.  Water  alone  is  an  excellent 
decontaminant  for  spills.  It  renders  the  spill  non-flammable  and 
reduces  the  amovmt  of  toxic  vapors. 

However,  the  oaW  reaction  with  the  hydrazine  is  the  for¬ 
mation  of  the  hy^ate.  TMre.fore,  cocmlete  neutralization  can  best 
be  accomplished  by  deluging  spills  with  dilute  aqueouo  solrtions 
cf  decontaminants  such  as  hydrogen  peroxide. 

2.3  Experimental  Study 

A  laboratory  investigation  wes  con<hicted  to  find  suitable 

decontaminants  for  mixed  hydrazine  fisels.  Tue  experimental  program 
was  limited  to  tv.o  fuels,  MiIF-3  and  HHF-5.  lire  criteria  used  in 
evaluating  candidate  decontasinants  have  been  previously  stated  in 
the  introduction  to  this  report.  This  investigation  considered  the 
tecbsiiques  and  materials  used  successfully  in  hydrazine  decont^i 
nation  (7)  as  well  as  the  Information  obtained  from  the  literature 
search. 


The  most  ^ntaediate  problem  associated  with  a  spill  of  these 
two  fuels  is  the  potential  fire  hazard.  However,  both  fuels  are 
completely  aiiscible  with  water  and  %«ien  diluted  with  water  to  less 
than  40%  fiiel  by  voluose  they  are  rendered  non-coc^ustiole.  An 
aqueous  spray  deluged  upon  the  spill  is  also  an  efficient  means  of 
scrubbing  the  toxic  volatile  vapors  from  the  air.  We  therefore  de- 
c:;ded  to  test  all  candidate  decontaminating  agents  as  dilute  aqueous 
solutions-  Unfortunately,  water  alone  cbes  not  react  with  tte  fuels 
and  is  therefore  Ineffective  as  o  decontaminant  per  se. 
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2.3.1  Aopar&tus 

The  high  boiling  points  of  these  fuels  (MHF”3,  194“F 
and  MHF-5,  207 ®F)  and  their  low  vapor  pressures  at  ambient  teaser- 
atures  permitted  us  to  use  simp'*  3  equipment  for  this  decontami^** 
tion  investigation.  A  weighed  amount  of  the  fuel  was  placed  in  an 
Erhlenmeyer  flask,  xne  test  solution  was  then  permitted  to  flow 
onto  the  fuel  by  gravity  feed  through  a  glass  delivery  tube  from 
a  reservoir.  Since  Che  vaporization  losses  were  negligible,  spray 
rate  had  no  bearing  on  decontamination  efficiency.  Therefore 
spray  nozzles  were  not  used  in  the  deluge  system.  A  teflon  covered 
magnetic  stir  bar  was  i '  aced  in  the  Erhlenmeyer  flask  and  the  flask 
set  imon  a  magnetic  stirrer.  The  stirring  assured  a  uniform  con^ 
tact  between  the  fuel  and  the  test  solution. 

2.3.2  Materials 

In  addition  to  neat  water,  dilute  aqueous  solutions  of  the 
following  taaterial®  were  tested  with  both  fuels:  NaCl,  MaHCOq, 
H3EO3,  HoO?,  NaOCl,  NaC103,  KMn04,  KaCraOy.  In  addition,  Nf.HC03 
was  applied  to  the  MHF-S  as  a  dry  powder.  All  these  materials  were 
B  &  A  Reagent  Grade.  An  attempt  was  made  to  evaluate  "Purple  K" 
a  ISCO3  powder  used  in  fire  extinguishers  but  this  material  proved 
to  be  lopossible  to  e-:al\iate. 

2.3.3  Procedure 


The  mixed  ^drazine  fuels  were  obtaii.ed  from  Reaction 
Motors  Division  of  Thiokol  ^emical  Corporation.  A  sample  of  the 
fuel  was  transferred  to  a  polyethylene  weighing  bottle  which  was 
weighed  on  an  analytical  balance.  This  fuel  sampling  was  performed 
in  a  plastic  glove  bag  ir  an  atmosphere  of  high  purity  dry  nitrogen 
to  prevent  air  oxidation.  The  weighed  sample  was  poured  into  the 
reaction  flask  and  the  weighing  bottle  rewelghed.  In  this  manner 
a  saii9)le  of  approximately  two  grams  was  used  for  each  run. 

The  flask  was  next  positioned  under  the  decontaminant  de-* 
livery  tube  and  the  required  amount  of  test  solution  to  provide  a 
50:1  ratio  by  weight  was  added  to  the  reservoir.  With  the  magnetic 
stirrer  operating,  the  test  solution  was  drained  into  the  flask  at 
a  rate  of  approximately  75  ml/mln.  The  reaction  was  carefully  ob¬ 
served  and  the  reaction  teeperature  noted.  The  decontaninated  solu¬ 
tion  was  quantitatively  transferred  to  a  volumetric  flask  and  di¬ 
luted  to  iso  ml  with  distilled  water.  Aliquots  were  th&n  taken  for 
analysis. 
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2.3.4  Experimental  Data 

The  addition  of  the  decont^oinaAt  to  the  fuel  was  care~ 
fxilly  observed  and  the  nature  of  the  reaction  noted.  Visual  evi¬ 
dence  that  a  reaction  occurred  was  the  evolution  of  gas  from  the 
solution,  formation  of  precipitate  and  color  change  in  the  test 
solution.  The  vigor  of  the  reaction  was  rated  on  the  basis  of  the 
gas  evolution.  Copious  and  rapid  gas  release  caused  foaming.  How¬ 
ever,  no  decontaminant  tested  was  considered  to  be  unsuitable  on 
this  basis  alone.  As  a  further  check  the  reaction  temperature  was 
noted.  The  tenperature  rise  generally  showed  a  good  correlation 
with  the  observed  vigor  of  the  reaction  as  indicated  in  Tables 

2.1  and  2.2.  As  a  safety  measure,  very  dilute  solutions  of  the 
decontaminants  were  tested  first.  Subsequent  runs  used  the  more 
concentrated  solutions . 

2. 3.4.1  MHF-3 

A  total  of  45  runs  involving  22  different  decontaminants 
was  made.  The  results  of  these  tests  have  been  summarized  in 
Table  2.1.  As  may  be  seen  from  this  table,  the  spent  liquors 
from  many  runs  were  analyzed  four  times.  The  first  analysis 
(Series  A)  was  always  performed  within  15  minutes  of  the  comple¬ 
tion  of  the  run  and  a  second  analysis  30  minutes  after  the  first. 

This  was  done  to  determine  whether  the  neutralization  reaction 
took  place  rapidly  or  whether  it  proceeded  slowly  over  an  extended 
period.  Other  analyses  were  run  xn  which  th'^  pH  was  adjusted  to 
pH  7.5  (Series  B).  Again  saoples  were  initially  analyzed  within 
15  minutes  after  the  run  was  made  and  a  second  analysis  was  per¬ 
formed  30  minutes  later. 

In  only  one  run  was  the  reaction  considered  excessively 
vigorous.  When  a  57,  solution  of  NaOCl  was  added  to  the  fuel,  there 
was  a  flash  and  the  fuel  vjqiors  ignited.  On  the  opposite  extreme, 
dry  powder  deluges  showed  no  reaction  and  were,  relative  to  the  vari¬ 
ous  solutions  tested,  difficult  i.o  handle  and  evaluate.  One  powder 
"Purple  K",  a  finely  divided  KHCO3  used  as  a  fire  extinguishant, 
proved  inpossible  to  evaluate.  It  was  added  to  a  fuel  spill  but 
the  resimial  powder  proved  to  be  nonwettable  and  would  not  go  into 
solution.  Therefore  analysis  could  not  be  made  and  this  run  was 
not  included  in  Table  2.1.  The  powder  deluge  was  added  via  a  powder 
fuimel  into  which  was  dumped  a  measured  amount  of  the  test  powder. 

2. 3.4.2 

A  total  of  42  runs  involving  20  decontaminant  solutions 
were  made  with  hHF-5.  Many  runs  were  analyzed  four  times  in  the 
manner  described  for  the  MHF-3  study.  The  powder  deluges  were 
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omitted  from  this  section  of  the  investigation  since  the  effec¬ 
tiveness  of  these  materials  as  decontaminants  for  MHF-3  was  negli¬ 
gible.  The  results  of  the  several  runs  involving  MKF-5  are  shown 
in  Table  2.2. 


2.3.5  Analytical  Procedure 

The  effectiveness  of  the  test  decontaminant  war  calcu¬ 
lated  on  the  basis  of  the  residual  unreacted  fuel  present  in  the 
spent  liquor.  One  gram  of  NaHCO^  was  added  to  an  aliquot  of  the 
spent  liquor  to  buffer  the  solution  at  approximately  pH  8.  In 
the  Series  B  analyses,  however,  the  aliquot  was  first  neutralized 
with  HCl  to  pH  7.5  and  then  the  one  gram  of  HaHC03  was  added. 
According  to  Lundell  and  Hoffman  (8),  in  iodine  titration,  the 
alkalinity  should  be  redu^'ed  to  avoid  possible  consunqition  of 
iodine  in  the  formation  of  hypo  iodic  acid.  O'lr  results,  however, 
indicate  that  this  was  not  a  significant  factor.  For  all  samples, 
a  measured  excess  of  standard  iodine  solution  was  then  added  vdiich 
reacted  with  the  residual  fuel.  The  .excess  iodine  was  then  deter¬ 
mined  by  a  standard  sodium  thiosulfate  titration  and  the  amount 
of  fuel  neutralized  was  then  calculated. 


2.3.6  Economic  Evaluation 

An  economic  coiiq>arison  was  made  of  the  four  decontaminants 
that  showed  the  highest  effectiveness.  This  evaluation  was  based 
on  the  estimated  cost  of  decontaminating  a  100  pound  spill  of  mixed 
hydrazine  fuels.  The  cost  reflects  the  lowest  price  of  the  decon¬ 
taminant  on  a  ton  basis  as  well  as  its  effectiveness.  The  cost  of 
water  has  not  been  considered  in  this  evaluation  since  it  is  not 
only  roughly  equivalent  for  each  decontaminant  but  is  alio  relative¬ 
ly  insig^f leant.  The  relative  costs  are  shown  in  Table  2.3* 

2.3  7  Conclusions 

The  results  of  this  Investigation  show  that  each  of  the 
decontaminants  tested  behaved  in  a  similar  manner  with  both  MHF-3 
and  HHF-5  and  had  approximately  the  same  effectiveness  with  both 
fuels.  These  conclusions  therefore  are  similarly  applicable  to  both 
fuels.  The  only  decontamlnants  that  showed  significant  effectlvenass 
were  5%  aqueous  solutions  of  either  H202»  NaOCl,  KMn04,  or  K2Cr207. 
More  dilute  solutions  of  these  materials,  when  polled  at  the  same 
deluge  ratio  of  50:1,  neutralized  less  of  the  fuel  primarily  be- 
casue  stoichiometric  amounts  of  decontaiminant  were  not  present  at 
these  concentrations.  The  5%so'’utions  on  the  other  hand  provided 
up  to  SOX  excess  of  decontaminant  at  the  spiled  ratio  of  50:1. 
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No  doubt  higher  ratios  of  the  more  dilute  solutions  would  show 
Increased  effectiveness.  In  actual  practice,  the  tremendous 
quantities  of  water  required  to  provide  an  excess  of  decontand- 
nant  i^en  spiled  as  a  very  dilute  solution  makes  such  concen¬ 
trations  less  desirable. 

Of  the  four  oxidizers  noted  as  effective  decontaminants, 
the  5%  solution  of  H2O2  was  the  most  acceptable.  The  permanganate 
and  dlchrcnuate  solutions  left  a  very  large,  messy  solid  residue 
which  would  introduce  severe  cleanvq)  problems.  In  addition,  the 
effectiveness  of  the  dlchromate  was  less  than  that  of  the  peroxide 
for  both  fuels.  The  5%  sodium  hypochlorite  solution  was  not  as 
safe  as  the  peroxide.  In  one  run  the  reaction  was  vigorous  enough 
to  ignite  the  fuel  v^ors.  The  peroxide  on  the  other  hand  had  a 
less  vigorous  observed  reaction  as  well  as  a  lower  reaction  tem¬ 
perature. 


Despite  the  fact  that  the  hydrogen  peroxide  is  not  as 
economical  as  the  other  effective  decontaminants,  we  feel  that  It 
best  meets  the  other  criteria  for  a  decontamlnant.  We  therefore 
recommend  a  3%  aqueous  solution  of  H2O2  as  the  decontamlnant  for 
spills  of  mixed  hydrazine  fuels. 
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TABLE  2.1 

MHg"3 


A-4  H2O  125:1 
A-5  HoO  125:1 
B-1  VL  Had  50:1 
B-2  5X  NaCl  50:1 
C-1  5%  NaHCOq  50:1 
C-2  5X  NaHC03  50:1 
D-1  5X  Na^COg  50:1 
D-2  5X  NaoCOo  50:1 
E-1  5%  HoBO  i  50:1 
E-2  5%  H3BO3  50:1 
F-1  lSaHC03  Powder  50:1 
F-2  NaHCC^  Powder  50:1 
G-l  Ha2C03  Powder  50:1 
G-2  Na2C03  Powder  50:1 
G-3  NafcOo  Powder  15:1 
I-?  IX'HaOa  50:1 
1-4  1%  H2O2  50:1 
J-5  31  H2O2  50:1 
J-6  37.  H2O2  50:1 
K-7  57.  H2O2  50:1 
K-8  57,  H2O2  50:1 
L-3  U  NaOCl  50:1 
L-4  IX  HaOCl  50:1 
M-3  3X  NaOCl  50:1 
M-4  3X  MaOCl  50:1 
N-3  57.  NaOCl  50:1 
N-4  57.  NaOCl  50:1 
0-3  II  NaC103  50:1 
0-/f  17.  NaClOo  50:1 
P-3  3X  NaClOi  50:1 
P-4  3X  NaC103  50:1 
Q-3  5X  NaC103  50:1 
0-4  51  NaClOo  50:1 
R-3  IX  Ktfev04  50:1 
R-4  IX  KM0O4  50:1 
S-3  3X  KKta04  50:1 
S-4  3X  KMrOa  50:1 
T-3  5X  WfnOA  50:1 
T“4  5X  KMnOj  50:1 
D-3  IX  K2Cr207  50:1 
0-4  IX  K2Cr207  50:1 


0.07. 

0.47. 

0.47. 

5. 41 

4. OX 
1.9X 
l.OX 

2. 51 
4.07. 
0.87. 
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4.67. 
4.87. 
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30.27. 

31. 7X 

32.6% 

32. 6X 

31.37, 

X 

X 

X 
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76.27. 
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81.1% 
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X 

X 

86. 5X 

92.97. 
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71.5% 
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28. 6X 
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30. OX 
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64.0% 
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5.3X 

5.9X 
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4.2% 
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2. IX 

2.3% 
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6.5% 
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2. IX 

6.0% 
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X 

X 
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30  min. 

'  ''Remarks 

0.07. 

No  noticeable  heat 

or  reaction 

0A% 

No  noticeable  heat 

or  reaction 

0A% 

No  noticeable  heat 

or  reaction 

5A% 

No  noticeable  heat 

or  reaction 

4.0X 

No  noticeable  heat 

or  reaction 

1.9Z 

No  noticeable  heat 

or  reaction 

1.07. 

No  noticeable  heat 

or  reaction 

2.57. 

No  noticeable  heat 

or  reaction 

4.07. 

No  noticeable  heat 

or  reaction 

0.87. 

No  noticeable  heat 

or  reaction 

6.2% 

No  noticeable  heat 

or  reaction 

4.6% 

No  noticeable  heat 

or  reaction 

4.8% 

No  noMceable  heat 

or  reaction 

3.5% 

No  noticeable  heat 

or  reaction 

8.0% 

No  noticeable  heat 

or  reaction 

30.2% 

31.7% 

32.6% 

32.6% 

Reaction  noticeable,  T  ■*  27 “C 

31.3% 

X 

X 

X 

Reaction  noticeable,  T  “  28®C 

72.6% 

76.27. 

49.4% 

81.1% 

Reaction  noticeable,  T  »  28“C 

71.37. 

X 

X 

86.5% 

Reaction  noticeable,  T  ■  28“C 

92.9% 

84.7% 

71.5% 

84.3% 

Vigorous  reaction. 

T  »  37“C 

82.2% 

83.6% 

81.5% 

86.5% 

Vigorous  reaction. 

T  «  38'’C 

28.0% 

27.3% 

27.0% 

27.4% 

Vigorous  reaction, 

T  «  36“C 

28.4% 

28.67c 

29.5% 

30.0% 

Vigorous  reaction. 

T  -  34“C 

60.8% 

58.7% 

60.5% 

57.6% 

Vigorous  reaction, 

T  “  54‘’C 

63.7% 

64.0% 

66.9% 

67.7% 

Vigorous  reaction, 

T  -  51‘’C 

81.8% 

82.1% 

88.9% 

88.6% 

Extremely  vigorous 

,  T  -  62“C,  Flashed 

85.1% 

85.0% 

39.6% 

87.8% 

Extremely  vigorous 

,  T  » 

11.0% 

10.4% 

5.3% 

5.9% 

No  noticeable  heat 

or  reaction 

4.6% 

4.2% 

6.5% 

7.1% 

No  noticeable  heat 

or  reaction 

3.27. 

2.9% 

2.1% 

2,3% 

No  noticeable  heat 

or  reaction 

1.7% 

6.5% 

2.6% 

7.1% 

No  noticeable  heat 

or  reaction 

6.0% 

6.5% 

4.5% 

5.4% 

No  noticeable  heat 

or  reaction 

2.1% 

6.0% 

2.9% 

6.1% 

No  noticeable  heat 

or  reaction 

25.7% 

25.9% 

26.4% 

25.6% 

Vigorous  reaction. 

T  -  34“C 

33.8% 

X 

X 

X 

Vigorous  reaction. 

T  -  36*C 

57.0% 

57.4% 

57.0% 

58.4% 

Vigorous  reaction. 

T  -  53“C 

57.0% 

X 

X 

X 

Vigorous  reaction. 

T  -  52'’C 

81.6% 

81.8% 

84.4% 

83.9% 

Extremely  vigorous 

,  T  -  64"C 

82.8% 

X 

X 

X 

Extremely  vigorous 

,  T  -  64“C 

25.9% 

23.7% 

26.8% 

25.7% 

Reaction  noticeable,  T  «  30  C 

25.6% 

X 

X 

X 

Reaction  noticeable,  T  *  31“C 
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TABLE  2.1 
CONTINUED 


/^^  Decontamination 

"<3)gerierX - - 


Immed. 


30  min. 


Series 

ICMBed. _ 30 


Run 

No.  Dec  ont  aminat  ion 

V-3  3%  K2Cr207 

V-4  3%  K^CroOi 

W-3  5%  KoCroO-' 

W-4  5%  K2Cr207 


Ratio 


50:1 

47.4% 

50:1 

50.8% 

50:1 

69.1% 

50:1 

70.4% 

47.7%  52.2%  5: 

X  X 

70,0%  79.8%  T 

X  X 


(1)  gm  Ratio  of  decontaminant  to  MHF-3. 

(2)  Reaction  temperature  was  reported  when  it  exceeded 
a  5°C  temperature  rise. 

(3)  Series  A  is  based  on  analysis  of  the  spent  liquor 
as  initially  made  up.  In  Series  tne  sample  was 
neutralized  to  pH  7.5  before  analysis.  Analyses 
were  made  immediately  after  decc  ^tamination  and 
again  30  minutes  later. 


1 


J] 
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Itiu 


(2) 

^Remarks 

Vigorous  reaction,  T  -  36 °C 

Vigorous  reaction,  T  •  36 °C 

Vigorous  reaction,  T  »  46 “C 

Vigorous  reaction,  T  -  48"C 


MHF-3. 

jrted  When  it  exceeded 


s  of  the  spent  liquor 
ries  B,  the  sanml^  was 
analysis .  Analyses 
decontamination  and 


NTIAL 
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TABLE  2.2 


Decent  andnant 


5%  NaCl 
5%  NaHC03 
5%  NaHCO^ 
5%  NaoCOo 
5%  NaoCOq 
5%  H3BO0 
51  H3BO3 
U  H2O2 
IX  H2O2 
3X  H2O2 
31  H2O2 
5X  H2O2 
5X  H2O2 
5X  H2O2 
5X  H2O2 
1%  NaOCl 
IX  NaOCl 
3X  NaOCl 
3X  NaOCl 
5X  NaOCl 
5X  NaOCl 
IX  NaCl03 
IX  NaC103 
3X  NaCl03 
3X  NaClOo 
5X  NaClC^ 
5X  NaCl03 
IX  »te04 
IX  KMn04 
3X  ntoOA 
3X  EMnOi 
5X  K}fe04 
5X  »fci04 
IX  K2Cr207 
IX  KiCrWj 
3X  IKCrjO^ 
3X  I^Cr207 


50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

50:1 

30:1 


Decontamination 
Series  A 


Series 


OX 

3.6X 

ox 

X 

3X 

4.2X 

9X 

X 

9X 

3.3X 

ox 

X 

3X 

6.3X 

8X 

X 

3X 

5.3X 

6X 

X 

8X 

25. 2X 

27.1 

ox 

X 

X 

IX 

78. 8X 

76.: 

9X 

X 

X 

22. 6X 
24. 2X 
53. 5X 
56. 9X 
81.  OX 
83. 9X 
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3.6% 

X 

4.2% 

X 

3.3% 

X 

6.3% 

X 

5.3% 

X 


25.2% 

27.8% 

27.1% 

X 

X 

X 

78.8% 

76.2% 

75.9% 

X 

X 

X 

86.2% 

77.4% 

84.4% 

78.1% 

70.5% 

68.7% 

62.2% 

68.9% 

62.7% 

72.9% 

72.6% 

73.7% 

20.7% 

20.2% 

18.0% 

X 

X 

X 

44.1% 

48.4% 

46.5% 

X 

X 

X 

79.4% 

79.0% 

80.8“ 

X 

X 

X 

4.3% 

4.3% 

6.0% 

X 

X 

X 

7.5% 

6.9% 

7.6% 

X 

X 

X 

4.0% 

4.0% 

4.5% 

X 

X 

X 

23.6% 

21.5% 

22,0% 

X 

X 

X 

53.6% 

55.0% 

55.3% 

X 

X 

X 

82.7% 

85.0% 

86,6% 

84.5% 

87.0% 

87.7% 

21.6% 

X 

X 

X 

17.1% 

19.0% 

45.4% 

50.3% 

50.9% 

X 

X 

X 

No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
Reaction  noticeable,  T  “  28°C 
Reaction  noticeable,  T  *  27°C 
Reaction  noticeable,  T  *»  31  °C 
Reaction  noticeable,  T  “  32 “C 
Vigorous  reaction,  T  *  54 “C 
Vigorous  reaction,  T  “  50 “C 
Vigorous  reaction,  T  *■  4^;®C 
Vigorous  reaction,  T  *  43‘’C 
Vigorous  reaction,  T  ■  34 “C 
Vigorous  reaction,  T  -  34“C 
Vigorous  reaction,  T  *  51‘’C 
Vigorous  reaction,  T  ■  51 "C 
Extremely  vigorous,  T  ■  67 ®C 
Extremely  vigorous,  T  “  69 ®C 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  heat  or  reaction 
No  noticeable  neat  or  reaction 
No  noticeable  heat  or  reaction 
So  noticeable  heat  or  reaction 
Vigorous  reaction,  T  34®C 
Vigorous  reaction,  T  “  33®C 
Vigorous  reaction,  T  -  53®C 
Vigorous  reaction,  T  -  54 '’C 
Extremely  vigorous,  T  "  64*C 
Extretaely  vigorous,  T  •  65 “C 
Reaction  noticeable,  T  -  30 "C 
Reaction  noticeable,  T  *  30“C 
Vigorous  reaction,  T  36 *C 
Vigorous  reaction,  T  •  36*C 


CoNFiDENTiAL 


i/m 

& 


2jtl 

ED 


Run 

No.  Decontamtnan., 


Ratio 


WW-1  51  K5Cr,07  50:1 

WW-2  51  K^CrjOj  50:1 


Dec  ont  amina t ion 


Series  A 

Imned. _ 30  min. 


Imped 


63.3%  63.4%  69.6% 

63.6%  63.3%  68.0% 


(1)  gm  Ratio  of  decontaminant  to  MHF~5. 

(2)  Reaction  temperature  was  reported  when  it  exceeded 
a  5“C  temperature  rise. 

(3)  Series  A  is  based  on  analysis  of  the  3pent  liquor 

'  initially  made  up.  In  Series  B  the  sample  was 
neutralized  to  pH  7.5  before  analysis.  Analyses 
were  made  immediately  after  decontamination,  and 
again  30  minutes  later. 
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iNTIAL 


Decontamination  _  _ _ _ 

''-'-'Series  B 

Immeci*  30  min*  Iggned.  30  min« 


(2) 


Remarks 


63.3%  63.4% 

63.6%  53.3% 


69.6%  69.7%  Vigorous  reaction,  T  *  42 ®C 

68.0%  67.6%  'Vigorous  reaction,  T  «  43®C 


to  MHF-5. 

reported  vhen  it  exceeded 


^sis  of  the  spent  liquor 
Series  B  the  sample  was 
rre  analysis.  Analyres 
•r  decontamination,  and 


TAME  2.3 

MIXED  HYDRAZINE  FUELS  DECOaTAHimiOK 
ECONOMIC  gVALUATI  J 


£st.  Cost 

Ley„IgS— 


Approximate  Est.  Cost  to  Decontaml'’ 

Erfectiveneas  nate  lOQ  lbs*  o£  FupI 


1)  5%  KMnO^  $490 (a) 

2)  5%  K2C12O7  380(a) 

3)  5%  H2O2  640(b) 

4)  57.  NaOCl  33(c) 


84% 

$73 

69% 

69 

77% 

148 

83% 

33 

(a)  Cost  of  one  ton  100%  basis,  December  1955 

(b)  Cost  of  one  ton  70%  H202»  December  1965 

(c)  Cost  of  one  ton  15%  NaOCl,  December  1965 


Note:  All  costs  take  into  consideration  the  relative  effectiveness 
of  the  decontaminants  as  applied  at  a  50:1  deluge  to  spill 
ratio. 


sEsnoo 

ALUKIZISE 


3.1  PRACTICAL  STUDY 

3.1.1  Qeii^ral 

Aluzalzioe  is  a  gelled  fuel  consisting  of  altnainuiaj 
hydrassine  and  an  appropriate  gelling  agent.  Alvscisines  can  be 
laade  containing  various  percentages  of  aluminum.  The  alum!*' 

num  concentration  causes  negligible  changes  in  many  of  the 

Physical  properties  of  the  gelled  material  (1)  which  are  almost 
dentical  to  those  of  neat  hydrazine.  Examples  are  shown  below: 


Boiling  Point  ®F 
Freezing  Point  °F 
Flash  Point  *F 
Vapor  Pressure  (psia) 


dvdrazine 


34.8 

100  -  126 
0.2  at  68“F 


Aliroiziae  43G 


esH^ted) 


32 

123 

0.27  at 


The  esai^le  given,  aluraizlue  43^  contains  43X  aliminum. 
Since  these  properties  remain  virtually  constant  for  all  aluBBizines, 
they  all  may  be  considered  as  similar  to  hydrazine  in  these  re¬ 
spects.  ^erefore,  tli«  same  problems  are  presented  for  the  decon¬ 
tamination  of  alvmizine  and  hydrazine  and  the  same  techniques  are 
suggested. 


1,2  Decontamination 


No  specific  instances  of  the  deccmtamination  of  actiml 
spills  of  alumizine  were  found  In  the  literature.  However,  refer¬ 
ences  were  made  to  techniques  ssid  saaterials  used  to  flush  and 
clean  equipment  in  which  alvzaisslae  had  been  handled.  A  6  1/2% 
solution  of  hydroxyacetic  acid  had  been  used  for  the  Titan  II  as 
aciecmer  and  neutraliser.  Other  materlsis  used  with  varying  degree 
of  success  include  1%  and  5%  solutions  of  (NHa)2S04,  Na2S0^  and 
H3PO4  (I) .  Reference  has  been  mde  %^erein  the  fuel  system  was 
cleaned  with  caustic  (2). 


Hydrazine  ig  the  to3s:ic  and  highly  flammable  c«»Bponent  of 
alumlzine.  Therefore,  techniques  for  cosabattlng  hydrazine  spills 
are  considered  to  be  i^piicable  for  alumisine.  Hydrazine  is  flan- 
mabls  Jji  concentrations  between  4.7  and  100%  in  air.  Current 
practice  for  handling  spills  is  aloKist  universally,  dilution  with 
water  and  subsequent  chemical  treatment  with  hypochlorites  and 
H2O2  (3).  Water  sprays  have  been  effective  in  blocking  down  vapors 
from  spilled  hydrazine.  It  forms  a  hydrate  i^lch  holds  the  water, 
has  a  lower  vapor  pressure  and  is  less  toxic  than  hydrazine  itself. 
Foams  and  dry  cheno.cals  have  also  been  used  successfully  in  extinguish¬ 
ing  hyi^^azine  fires  (3). 
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^u*nMaoi3w 


3.1*3  Toxicity 


The  toxic  component  of  altanlzine  is  hydrazine.  The 
alusiinum  as  such  does  not  present  any  toxic  hazard.  Since  the  vapors 
evolved  from  altsaizine  are  entirely  hydrazine,  and  the  vapor  pres¬ 
sures  are  virtually  identical  for  both  alumizine  and  hydrazine,  the 
toxicities  of  the  two  materials  iinist  be  considered  as  identical. 

Tlie  toxicity  of  hydrazine  has  been  considered  else^ere  in  this 
report  (Refer  to  Section  5) .  The  threshold  valtse  for  hydrazine  which 
has  been  adopted  by  the  American  Conference  of  Govemo^ntal  Indus¬ 
trial  Hygienists  is  1  ppm.  ITierefore,  alumizine  must  be  considered 
to  be  a  very  toxic  material  and  exposure  to  its  vapors  and  physi¬ 
cal  contact  must  be  avoided. 

3.2  Theoretical  Study 

Altsnizine  is  a  gel  of  hydrazine  and  aluminum.  In  order  to 
effectively  neutralize  a  gelled  propellant,  the  gel  must  first  be 
destroyed  so  that  intimate  contact  between  the  propellant  and  de¬ 
contaminant  can  be  achieved.  In  the  case  at  hand,  after  destroying 
the  gel,  the  problem  reduces  essentially  to  neutralizing  N2H4. 

Investigators  examined  a  number  of  materials  in  their 
search  for  a  de-gelling  agent.  Neither  salt  water  nor  fresh  water 
readily  dissolve  the  gel.  A  trichloroethy^ flush  causes  the  gel 
to  harden.  A  caustic  (NaOH)  flush  gives  good  results  on  stainless 
steel  tanks,  evolving  large  amounts  of  gas  (3).  The  mechanism  of 
this  process  is  not  described.  However,  the  gas  evolved  is  undoubted¬ 
ly  flammable  hydrogen.  This  unfortmiately  could  rule  out  the  use 
of  NaOH. 


2  A1  +  2  NaOH  +  2  H2O  — ^ — >  2  NaA102  +  3  H2 
AH-  -101  kilo.  cal. /mol. 

A  CO2  gas  purge  reportedly  breaks  the  gel  and  allows  the 
aluKi^.um  to  settle  (3).  CO2  also  reacts  with  hydrazine  to  form 
the  hydrazine  salt  of  carbazic  acid  (4). 

CO2  +  2  H2H4  — -— >  N2H3C00H*N2H4 

A  carbonated  water  flush  was  suggested  as  a  possible  means 
of  destroying  the  gel  (3).  This  latter  method  appears  to  have  par¬ 
ticular  merit  since  the  h3rdrate  would  be  formed  along  with  the  hydra" 
zine  salt  of  carbazic  acid. 

N2K4  +  H2O  - ->  N2H4*H20 

AH-  -3.9  kilo.  cal. /mol. 

Hydrazine  reacts  with  various  inorganic  reagents  to  3rLeld 
salts,  complexes,  nitrogen,  hydrogen,  hydrogen  azide,  or  ammonia 
(5,  6.  7).  In  decontamination  of  toxic  materials,  the  prefexred 
reaction  products  are  salts,  cimplexes  or  inert  gas.  H2O,  NaHC03, 
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(C02"H20),  H3BO3,  H2O2  and  KHn04  were  found  to  be  quite  effec- 
tiire  on  spills  of  neat  hydrazine.  Many  other  conspounds  and  chem¬ 
ical  grot^s  were  considered  but  ruled  out  because  of  the  nature  of 
the  end  products »  availability,  heat  of  reaction,  cost,  etc.  (8). 
Aqueous  solutions  of  hydroikyacetic  acid,  (NH4)2S04  and  Na2S04  have 
been  used  as  flushes  for  alumizine. 

3.2.1  Conclusions 

Since  the  decontamination  of  a  gel  presents  a  two-fold 
problem,  breaking  the  gel  and  neutrallzl^  the  hydiazine,  decon¬ 
taminants  that  have  demonstrated  either  c^ablllty  should  be  in¬ 
vestigated.  Therefore,  materials  such  as  H2O-CO2,  MaOH,  (^114)2804 
Na2S04,  NaHC03,  H3BO3,  CH2OHGOOH.  and  dilute  solutions  of  oxidizers 
warranted  bench  scale  investigation  as  altnnizlne  decontaminants. 

3.3  Experimental  Study 

A  bench  scale  investigation  was  conducted  to  develop  ade¬ 
quate  means  of  decontaminating  spills  of  alumizine  336.  The  nomi¬ 
nal  coB^osltlon  of  alumizine  336  is:  33%  aluminum,  66%  hydrazine 
and  1%  carbopol  940,  the  gelling  agent. 

Since  alttmizine  33<^  is  \  gel,  it  was  neue^tary  to  first 
destroy  the  gel  to  more  completely  expose  the  spilled  fuel  to  the 
decontaminant  thereby  permitting  rapid  and  cooqplete  decontamination. 
Therefore ,  a  decontaminant  f cr  alumizine ,  as  well  as  for  other  gel¬ 
led  propellants,  must  acconq>lish  two  purposes  —  destroy  th^  gsl, 
and  neutralize  the  propellant.  The  finely  divided  aluminum  in  the 
alumizine  presents  no  particular  problems,  since  It  is  nontoxic 
and  relatively  non-flammable.  The  hydrazine,  however,  is  both 
toxic  and  highly  flammable.  Therefore,  the  decontamination  inves¬ 
tigation  was  centered  around  the  hydrazine  and  the  residual  alumi¬ 
num  was  largely  ignored. 

Hydrazine  is  coDq>letely  miscible  with  water.  It  is  non- 
combustible  ^en  diluted  with  water  to  less  than  40%  by  volume. 
Application  of  decontaminating  agents  in  aqueous  solutions  would 
not  only  reduce  the  fire  hazard  but  would  scrub  toxic  hydrazine 
vapors  from  the  air.  Therefore,  all  candidate  agents  were  applied 
as  dilute  aqueous  solutions. 

Unfortunately,  water  alone  does  not  break  down  the  gel, 
nor  does  it  neutralize  the  fuel,  so  it  Is  Ineffective  as  a  decon¬ 
taminant  per  se.  The  materials  cmsldered  as  decaitamlnants  were 
selected  on  the  basis  of  a  prior  literature  search  and  theoretical 
study. 
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3.3,1  AS2i£Am 


'l^e  low  vapor  pressur-ti  o£  the  aiuialzine  at  aaibient 
tesoperature  precluded  the  necessity  of  a  closed  decontamination 
set  up.  ISierefore,  a  set  up  similar  to  that  for  the  I9IF  Inves" 
tigatlon  (refer  to  Section  2)  was  used.  A  welded  amount  of 
fuel  was  placed  in  an  Erhlenmeyer  flask.  The  test  solution 
was  then  added  to  the  fuel  by  gravity  flow  throu^  a  glass  de¬ 
livery  tube  from  a  reservoir.  Ho  stirring  was  provided  since 
t^e  physical  dispersion  of  the  fuel  would  prevent  observation 
of  the  deccnatmuinant's  effectiveness  in  breaking  down  the  gel. 

3.3.2 


The  alumizine  33G  was  obtained  from  Aerojet-General, 
Sacramento,  California,  Department  9630.  The  following  materials 
used  as  deco.xtaiLf.iuu:it8  were  B  &  A,  Reagent  Grade  or  the  hipest 
purity  available:  HaBC03,  NaCl,  H3BO3,  H3PQ&,  H2O2,  ]Qki04, 

NaOCl,  HaOB,  (NH4)2S04,  and  HKO3.  The 

glycolic  acid  obtained  from  B  &  A  was  manufactured  by  Eastman 
Organic  Chemicals  Cat.  No.  T998,  70%  Technical  Grade.  The  car- 
bo^ted  water  was  made  by  saturating  distilled  water  with  CO2  gas. 

3.3,3 


The  procedure  used  in  the  sampling  and  deluging  of 
altL&alzine  was  identical  to  that  xised  on  the  mixed  hydrazine 
fuels  (Section  2)  with  one  exception.  Alumi^  Ine,  being  a  gel, 
could  not  be  poured  from  the  weighing  bottle  to  the  Ehrlenmeyer 
flask.  Therefore,  the  transfer  was  made  with  a  stainless  steel 
spatula.  Sampling  was  done  in  a  plastic  glove  bag  to  prevent 
oxidation.  In  order  to  assure  a  quirtrtive  transfer,  the  spatula, 
containing  the  sample  on  its  tip,  was  placed  in  the  flask  and 
remained  there  while  the  decontaminant  flowed  onto  the  sanqjle. 
Thus,  no  portion  of  the  sample  was  lost,  and  it  was  not  necessary 
to  rinse  the  sams^le  off  the  spatula.  This  avoided  dilution  of 
the  sample  before  decontamination  was  begun.  The  flask  was 
swirled  to  provide  uniform  contact  with  the  fuel  after  the  de¬ 
contaminant  had  been  added  and  the  rate  of  gel  breakdown  had 
been  observed,  khen  the  reaction  was  cong>leted,  the  spatula 
was  rinsed  and  removed. 


Alumizine  samples  welding  approximately  two  grams  wexw 
used  for  all  runs.  Exact  sample  welj^ts  were  taken  to  perniit 
accurate  assessment  of  the  decontaminant's  effectiveness. 
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3.3.4  Experimental  Data 

The  addition  of  the  decontaminant  to  the  &el  was  care* 
fully  observed  and  the  nature  of  the  reaction  noted.  A  close  ob- 
seiri^ation  was  made  to  see  if  the  gel  broke  down,  and  the  aluminum 
released  as  a  powder  \diich  settled  on  the  bottom  of  the  solution. 
Evolution  of  gas,  formation  of  a  precipitate,  and  color  change 
in  the  solution  were  visual  evidence  that  a  reaction  took  place. 

In  addition,  the  reaction  temperature  of  the  solution  was  checked, 
The  reactions  that  appeared  to  be  the  most  vigorous  also  showed 
the  greatest  temperature  rise. 

A  total  of  21  runs  was  made  involving  IB  different  de> 
contaminants.  These  results  are  shown  in  Table  3.1.  Prelim¬ 
inary  runs  were  made  on  each  of  the  candidate  decontaminw&ts 
to  primarily  determine  its  approximate  effectiveness  in  breaking 
down  the  gel.  However,  the  residue  was  also  analyzed  to  de¬ 
termine  effectiveness  as  a  decontaminant.  Those  materials  which 
showed  merit  were  rerun. 

The  majority  of  these  test  solutions  were  the  same  as 
those  tested  on  the  mixed  hydrazine  fuels.  These  materials  dis¬ 
played  approximately  the  same  effectiveness  in  neutralizing  the 
alumlzine  as  they  had  shown  in  neutralizing  the  mixed  hydrazine 
fuels.  However,  several  of  these  showed  little  effectiveness 
in  breaking  down  the  gel. 

3.3.5  Analytical  Procedure 

The  effectiveness  of  the  test  deccntamlnant  in  neutral¬ 
izing  the  fuel  was  calculated  on  the  basis  of  the  residual  un¬ 
reacted  fuel  present  in  the  spent  liquor.  The  procedure  was  iden¬ 
tical  to  that  described  in  connection  with  the  mixed  hydrazine  fuels 
(Section  2). 

As  shown  in  Table  3.1,  the  spent  liquors  from  these  runs 
were  analyzed  four  tiofes.  The  first  analysis  (Series  A)  was 
always  performed  within  15  minutes  of  the  couqpletlon  of  the  run, 
and  a  second  analysis  30  minutes  after  the  firsc.  This  was  to 
determine  whether  the  neutralization  reaction  took  place  rapidly 
or  Aether  it  proceeded  slowly  over  an  extended  period.  Other 
analyses  were  run  in  ^ich  the  pH  was  adjusted  to  pH  7.5  (Series  B). 
Again  samples  were  analyzed  within  15  minutes  of  run  completion 
and  30  minutes  later. 

3.3.6  Economic  Evaluation 

Only  three  materials,  KllnQ4.  NaOCl  and  show<^d 

sufficient  effectiveness  as  decontsmiiumts  tn  warrant  economic 
evaluation.  The  IMiOa  however,  had  an  extremely  vigorous  reaction 
and  left  a  messy  residue.  In  addition,  the  indicated  effectiveness 
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rating  for  this  material  is  somewhat  questionable.  The  re¬ 
action  of  the  Z%  NaOCt  was  also  considered  too  vigorous  to  con¬ 
sider  this  marer  al  ^s  a  satisfactory  decontaminant.  the 
other  hand,  the  peroxide  appeared  to  be  satisfactory  in  all 
respects , 


A  comparison  of  the  costs  for  these  three  materials  to 
decontaminate  a  100  pound  alumizlne  spill  is  shown  in  Table  3.2. 
Despite  the  apparant  economic  advffiitage  of  the  5%  KHa04  and  the 
3%  NaOCl  compared  to  5%  H2O2,  we  feel  that  the  peroxide  is 

sti  tl  to  •'referred.  It  should  be  noted  that  the  economics 

fc  .  the  pero  ride  improve  with  more  dilute  solutions .  this 
evalua  ion,  all  water  costs  have  been  omitted. 

3,3.7  Cone  It  ions 

The  result  >  of  this  Investigation  show  that  of  the  18 
candidates,  only  six  broke  down  the  gel  on  contact.  These  were 
5%  NadC03,  5%  NaCl,  3%  HaOCi,  5^  NaOH,  5%  NaN03,  and  5%  H2O2. 

A  breakdox^'n  of  the  gel  was  also  accomplished  with  3%  and  1%  H2^2* 
out  the  reaction  of  these  dilute  solutions  was  less  rapid.  The 
3%  peroxide  took  five  minutes  while  the  1%  solution  took  10  minutes 
Of  these  compounds,  the  5%  H2O2  and  3%  H2O2  showed  high  effective¬ 
ness  as  decontar inant  >  for  the  hydrazine.  Althou^  3%  NaOCl  did 
destroy  46.1%  of  the  fuel,  the  reaction  was  considered  too  vigorous 
t  was  therefore  decid  :d  not  to  attempt  a  run  with  5%  NaOCl. 

The  KMnC  dM  not  completely  break  down  the  gel.  On  the 
contrary  the  by-product  material,  !fe02,  adhered  to  the  gel  forming 
a  hard  coating.  Tt  is  felt  that  this  coaling  entrapped  unneutral¬ 
ized  fuel  and  prevented  further  reaction.  Since  the  amount  of 
neutralization  was  based  on  the  analytic  determination  of  un¬ 
reacted  N2H4,  the  entrapped  material  wuld  not  be  detected.  This 
would  give  an  erroneously  high  efficiency  for  this  ssiaterial.  In 
addition,  die  KI^iOa  produced  a  very  vigorous  reaction,  the  temper- 
atUi.'e  rising  to  77^C,  Therefore,  from  both  standpoints.  KMn04  is 
considered  to  be  unsitir  "actory. 

The  only  laaterial  which  showed  a  high  effectiveness  to¬ 
gether  with  no  undesiit  le  reaction  was  hydrogen  peroxide.  ¥e, 
therefore,  reccRsmend  dilute  aqueous  solutions  of  H2O2  as  a  decon¬ 
taminant  for  sp-U'?  nr  &Iuml.sine, 
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TABLE  3. 


ALUMIZINE~5S 


mm 


I 

mxhatiqn 


nation _ ^ 

Series  A  (2) Series  B  (3) 


Rvn  No. 

Decontamlnant 

pH(l) 

Inoaed. 

30  Min. 

Inned. 

30  Min 

U 

Neat  HoO 

9.6X 

21. 5X 

13. 9X 

13. 9X 

13. 3X 

2A 

5% 

NaHCOo 

9.7 

6.1 

7.3 

7.3 

6.2 

3A 

5% 

NaCl 

9.4 

12.4 

4.7 

5.6 

4.8 

’A 

5^ 

H*>B0o 

8.6 

5.8 

5.3 

6.2 

5.8 

5A 

5*c 

H3PO4 

3.4 

4.4 

4.5 

5.0 

4.5 

6A 

5X 

Glycolic  Acid 

3.8 

13.0 

8.7 

8.9 

8.9 

7A 

51 

H2O2 

8.8 

79.1 

77.6 

71.5 

75.9 

7A-1 

5% 

HpOp 

8.7 

77.7 

79.2 

76.5 

78.3 

7B 

31 

HoOo 

8.6 

69.7 

71.2 

68.2 

71.5 

7B-1 

31 

HoOo 

8.6 

75.3 

73.9 

73.7 

74.7 

C 

H2O2 

8.6 

29.5 

28.2 

27.4 

28.5 

I  -1 

X  . 

H5O2 

8.6 

32.4 

32.6 

21.7 

33.2 

8a 

5% 

XHnO^ 

11.6 

84.9 

85.3 

85.8 

86.1 

31 

NaOCl 

9.5 

46.7 

43.9 

46.1 

46.4 

luA 

51 

Ni^H 

12.1 

2,3 

6.6 

5.0 

5.8 

lU 

51 

(N  ’^)2is04 

8.5 

11.7 

11.4 

11.2 

12.0 

12A 

51 

Nao.-OA 

9.4 

11.7 

12.4 

14.2 

11.1 

13A 

COy -Water 

8.4 

12.4 

14.7 

9.4 

15.5 

14A 

5%- 

■NaIK)3 

7.8 

10.5 

12.4 

11.4 

11.4 

15A 

5% 

K2S>08 

7.5 

22.7 

23.8 

22.6 

23.0 

16i' 

5X 

HNO. 

2.5 

5.3 

4.8 

6.2 

6.5 

B  'tes:  Gt  ^  ratic  of  decontaminant  to  alumislne  was  50:1  for  all  runs. 

(1)  pH  of  the  resultant  solution  after  the  decontcminant 
was  adosd  to  the  fuel. 

(2)  Series  A  is  based  on  analysis  of  the  spent  liquor  as 
ioltiall>  made  iqi*  Analysis  made  immediately  after 
decontamination  and  again  30  minutes  later. 

(3)  ti  Series  B,  the  sample  was  neutralised  to  pH  7.5 
before  analysis.  Analyses  were  made  immediately  after 
decontamination  and  again  30  minutes  later. 

(4>  Reaction  temperature  was  reported  vfeen  it  earceeded  a 
5‘C  tem|jeraturc  rise.  G.B.  represents  gel  breakdown. 
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s 

G.B*  incooqalet 
G.B.  on  contac 
G.B.  on  contac 
G.B.  IncompleC 
G.B.  incomplet 
G.B.  incon^let 
G.B.  on  contac 
G.B.  on  contac 
G.B.  after  5  a 
G.B.  after  5  a 
G.B.  after  10 
G.B.  after  10 
G.B.  incoo^let 
adhered  to  & 
G.B.  on  contac 
G.B.  on  contac 
G.B.  incomplet 
G.B.  incomplet 
G.B.  Incooqplet 
G.B.  on  contac 
G.B.  Incomplet 
G.B.  incomplet 


AL 


Decontamination 

A  (2)  ^  teriea  B  13) 

30  Min.  Imned.  30  Min.  Remarks  (4) 


13.9% 

13.9% 

13.3% 

G.B,  incomplete. 

No  noticeable 

heat  or  reaction. 

7.3 

7.3 

6.2 

6.8.  on  contact. 

No  noticeable 

heat  or  reaction. 

4.7 

5.6 

4.8 

G.B.  on  contact. 

No  noticeable 

heat  or  reaction 

5.3 

6.2 

5.8 

G.B.  incomplete. 

No  noticeable 

heat  or  reaction. 

4.5 

5.0 

4.5 

G.B.  incomplete. 

No  noticeable 

heat  or  reaction. 

8.7 

8.9 

8.9 

G.B.  incooiplete. 

No  noticeable 

heat  or  reaction. 

77.6 

71.5 

75.9 

G.B.  on  contact- 

Vigorous  reaction.  T  *  35°C 

79.2 

76.5 

78.3 

G.B.  on  contact. 

Vigorous  reaci 

rlon,  T  -  33 ’C 

71.2 

68.2 

71.5 

G.B.  after  5  ainutes.  Vigorous  reaction,  T  “  28°C 

73.9 

73.7 

74.7 

G.B.  after  5  adnutes.  Vigorous 

reaction,  T  •  29 °C 

28.2 

27.4 

28.5 

G.B.  after  10  minutes.  Reaction 

noticeable. 

32.6 

21.7 

33.2 

G.B.  after  10  min’ites.  Reaction 

noticeable. 

85.3 

85.8 

86.1 

G.B.  incomplete. 

rtnOo  caked  in  gel.  Hardened  and 

adhered  to  surface.  T  ■  77  C. 

Extremely  vigor oi 

43.9 

46.1 

46.4 

G.B,  on  contact. 

Very  vigorous 

reaction,  T  •  1,5 

6.6 

5.0 

5.8 

G.B.  on  contact. 

Vigorous  reaction.  T  48 '’C 

11.4 

11,2 

12.0 

G.B,  incoo^lets. 

No  noticeable 

heat  or  reaction. 

12.4 

14.2 

11.1 

G.B.  incomplete. 

No  noticeable 

heat  or  reaction. 

14.7 

9.4 

15.5 

G.B.  incomplete. 

No  noticeable 

heat  or  reaction. 

12.4 

11.4 

11.4 

G.B.  on  contact. 

No  noticeable 

heat  or  reaction. 

23.8 

22.6 

23.0 

G.B.  incoo^lete. 

No  noticeable 

heat  or  reaction. 

4.8 

6.2 

6.5 

G.B.  incomplete. 

No  noticeable 

heat  or  reaction. 

Lne  was  50:1  for  all  runs, 
jr  the  decontamJ-nant 


the  spent  liquor  as 
‘  imaiediately  after 
ites  later. 

ralired  to  pH  7.5 
aade  iamediately  after 
ites  later. 

i  vhen  It  exceeded  a 
•sents  gel  breakdown. 
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TABLE  3.2 

ALUMI2INE  D£CONT.^IHATI^’ 
ECONQHIC  EVALUATIOij 


Decontaminant 

Est.  Cost 

Per  Ton 

Approx, 

Effect. 

Sat.  Goat 

Der«n  tamf na  re 

100  lbs.  Fuel 

5%  H2O2 

$640  (a) 

78% 

$149 

3X  H2O2 

640  (a) 

72% 

97 

1% 

640  (a) 

30% 

67 

5%  KlfeO, 

490  (b) 

85% 

72 

3X  NaOCl 

33  (c) 

47% 

35 

(a) 

Cost 

of 

one 

ton 

70% 

H2O2,  December  1965 

(b) 

Cost 

of 

one 

ton 

100%  KlfeO^,  December  1965 

(c) 

Cost 

of: 

one 

ton 

15% 

NaOCl,  December  1965 

NOTE:  All  costs  take  into  consideration  the  relative 
effectiveness  of  the  decontaainants  as  applied 
at  a  5C:1  delugs  to  fuel  ratio. 
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(This  pagr  is  uncxa^s  If iecl) 
SECTION  4 

NITROGEN  TETRQXIDE 


4.1  PRACTICAL  STUDY 

4.1.1  General 

Nitrogen  tetroxlde  i.8  a  heavy,  brown  liquid  melting  at 
-11.2°C  and  boiling  at  21.15'’C  (1)(2).  There  is  a  temperature 
dependent  equilibrium  in  the  liquid  between  N2OA  and  NO^.  At 
27^C  the  ratio  of  N20a  to  NO2  is  4  to  1  while  at  100 °C  the  ratio 
is  1  to  9.  The  color'^of  nitrogen  tetroxlde  fumes  varies  from 
yellow  ti  reddish-brown  depending  on  the  equilibrium  point. 

Since  NO?  has  unpaired  electrons,  it  is  paramagnetic,  and  there¬ 
fore,  colored  (red-brown)  while  N20^,  having  only  paired  elec¬ 
trons,  is  dimagnetic  and,  therefore,  colorless  (1)(2)(3). 

Nitrogen  tetroxlde  is  a  powerful  oxidant.  While  it  is 
not  flammable,  it  does  support  combustion  and  is,  in  fact,  a 
b’-pergollc  coa5>ound.  It  is  insensitive  to  shock,  heat,  or  deton¬ 
ation  (4) . 

The  low  conductivity  of  nitrogen  tetroxlde  is  due  to 
its  autoionization: 


Thus,  it  is  a  nonprotonlc  solvent  with  the  cation  NO"**  considered 
the  acid  radical  and  the  anion  NOo"  considered  the  base  (3) (5). 
Some  reactions  are  explained  on  the  basis  of  this  ionizing 
characteristic: 

[(Et)2NH2]Cl  +  N20^  - >  [(Et)2NH2]N03  +  NOCl  (3) 


^2^4  with  water: 

*^2°4  ®2°  - ^  ®*°3  ™2 

followed  by  3HNO2  — ->  HNO3  +  2N0  +  H2O  (3) 

With  metalc  the  following  reaction  occurs: 


M  +  N20^  - >  MNO3  +  NO 

[M  -  Na,  K,  Zn,  Ag,  Pb,  HgJ  (5) 
With  salts,  nitrates  are  formed;  (5) 


N20^  +  KCl  - >  KNO3  +  NOCl 

N20^  +  NaClOg  - >  NaNOg  +  NO2  +  CIO2 
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4.1.2 


Decontamination 


4. 1.2.1  Literature  Review 


The  procedures  employed  for  handling  nitrogen  tetroxide 
spills  are  dependent  on  whether  or  not  there  is  a  resultant  fire. 

For  simple  spills  the  procedures  are  directed  towards 
minimizing  the  vaporization  of  nitrogen  tetroxide.  Sprays  of 
water  or  aqueous  solutions  for  scrubbing  vapors  from  the  air  and 
for  preventing  further  liquid  vaporization  have  been  tested. 

While  several  of  the  solutions  have  proven  satisfactory,  none 
has  offered  any  significant  advantage  over  the  use  of  the  water 
spray  alone  (6) . 

A  recommended  procedure  for  application  of  water  by 
spraying  is  to  provide  two  sets  of  fog  nozzles,  the  first  set  at 
ground  level  with  the  spray  pointed  upward  at  a  45 angle  and  the 
second  set  overhead  with  the  spray  pointed  down  (7).  It  is  also 
recommended  that  water  application  not  be  too  foi.\.aful  to  prevent 
splashing  and  resulting  boiloff  of  nitrogen  tetroxide  (8) . 

Of  the  solutions  evaluated.  NaOH,  NaHCO^,  and  H2O2  were 
satisfactory  fer  vapor  scrubbing  while  NaOH  and  HoOo  were  effec¬ 
tive  for  liquid  retention  (6). 

Absorbants,  powders,  gellants,  and  thickeners  proved  in¬ 
effective  in  controlling  and  decontaminating  spills.  Foams, 
however,  were  highly  effective  with  less  than  VU  of  nitrogen 
tetroxide  vapor  escaping  through  a  6  inch  layer  of  foam  in  one 
hour  (6) . 


The  controlled  neutralization  of  N2O4  may  be  accomplished 
by  using  2  immiscible  liquids  in  contact  with  each  other.  The 
bottom  liquid,  a  completely  halogenated  hydrocarbon,  is  inert  and 
completely  miscible  with  N2OA.  The  top  liquid  is  an  aqueous  sol¬ 
ution  of  sodium,  potassium,  or  ammonium  hyoroxide.  The  N2O4  is 
added  to  the  bottom  liquid  which  acts  as  a  diluent.  As  tne 
N2OA  diffuses  through  the  interface,  it  is  neutralized  with  the 
uppir  basic  solution.  Both  liquids  act  as  heat  sinks  for  the 
heat  of  reaction  (13) . 

Fince  nitrogen  tetroxide  is  an  oxidizer,  spills  with 
fuel  will  result  in  fires  or  explosions.  Other  effects  of  this 
strong  oxidizing  power  of  nitrogen  tetroxide  are  explosions  with 
organic  solvents  and  spontaneous  ignition  with  paper,  cloth, 
wood,  and  other  organic  debris  (8) (9). 
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Water  is  again  the  best  extinguishing  agent  for  nitrogen 
tetroxide  fires,  and,  in  fact  appears  to  be  the  only  recommended 
agent.  For  N20/;^-fuel  fires  about  twice  as  much  water  is  needed 
as  for  an  air-fuel  fire.  A  1:1  dilution  of  NoOa  with  water  will 
prevent  fire  or  explosion  with  a  fuel  of  50/50  N2H^“UDMH  (10). 

In  some  cases  there  is  a  delayed  detonation  of  N20jj;^-N2H, 
mixtures  after  the  application  of  water.  This  is  believed  to 
be  the  result  of  the  formation  of  hydrazine  nitrate  and  its  sub¬ 
sequent  violent  decomposition.  The  reaction  would  be: 

N  H 

V  - ~^>  N2H5(N03)  (11) 


The  table  below  gives  figures  on  hydrazine  concentra¬ 
tions  which  are  hypergolic  bum  with  nitrogen  tetroxide  (10) 


Temperature .  °F 

80 

140 

205 


%_By  Weight  of  _ 

Hypergolic  Burns  with 


with  ^20^ 

60 

55 


^2^4- 

60 

45 

35 


4. 1.2. 2  Recommendations 


Water  is  the  recommended  decontaminating  agent  for  use 
with  N20-,  for  removing  toxic  vapor©  from  the  atmosphere,  or 
neutralizing  liquid  spills.  It  is  also  the  best  extinguishing 
agent  for  use  against  fires  caused  by  N20^  spills. 


4.1.3  Toxicity 


Nitrogen  tetroxide  is  considered  a  very  toxic  conmound. 
Its  MAC  in  air  is  5  ppm  as  NO2  (or  2.5  ppm  as  N2O/)  (4).  The 
LD50  is  67  ppm  for  four  hours  exposure  and  138  ppm  for  30  minutes 
exposure.  The  initial  symptoms  are  irritation  of  the  eyes,  nose 
and  throat  which  lead  in  more  severe  exposure  to  cyanosis  and 
dyspnea.  Pulmonary  edema  is  the  result  of  severe  exposure  (4) 
(12) (14). 


Emergency  Exposure  Limits  (EEL's)  for  toxic  gases  are 
more  meaningful  and  of  greater  in^ortance  than  MAC's  to  rocket 
personnel.  At  rocket  test  areas,  missile  ranges,  etc.,  exposures 
will  generally  be  predictable,  infrequent,  and  or  short  dviratlon. 
The  current  recognized  short-term  EEL's  established  by  the  An^ri- 
can  Industrial  Hygiene  Association  for  1*20^  ai .  as  follows: 
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_ Limits  -  ppm 

Time  (Minutes)  As  As  -2^- 


Emergency  tolerance  values  recently  set  by  the  National 
Academy  of  Sciences,  National  Research  Council  Committee  on 
Toxicology  at  the  request  of  the  USAF  are  similar  (15) . 

Liquid  N20^  In  contact  with  the  skin  causes  severe  burns 
while  vapor  exposure  leads  to  erythema,  bums  and  blisters  (12)  , 
In  case  the  skin  Is  exposed  to  liquid  or  vapor  N2OA,  decontamin¬ 
ation  by  Immediate  flushing  of  the  exposed  areas'^wlth  copious 
quantities  of  water  for  a  minimum  of  15  minutes  Is  recom^nded 
(14). 
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SECTION  5 
HYDilAZINE 


5 . 1  PRACTICAL,  STUDY 

5.1.1  General 

Hydrazine  is  a  colorless,  hygroscopic  liquid  freezing 
at  1.8°C  and  boiling  at  113. 5°C.  Its  density  is  1.0144  gm/ml 
at  15°C  (1).  Hydrazine  is  a  combustible  compound,  its  limits  of 
combustibility  in  aii  are  4.67  to  100^  by  volume.  Nitrogen, 
helium,  water  vapor  and  heptane  have  a  quenching  effect  on  its 
combustibility  (2).  The  liquid  is  neither  shock  nor  in?>act  sensitive  (3). 

Hydrazine  is  a  highly  polar  conq>ound,  conq>letely  misci¬ 
ble  in  water  and  soluble  in  the  lower  alcohols,  ammonia,  and 
amines  (2) .  With  water  hydrazine  hydrate  is  formed  (1) .  This  is 
a  colorless  compound,  fuming  in  moist  air.  Hydrazine  has  strong 
reducing  properties  as  shown  in  the  reaction  with  dichromate: 

3N2H5'’’  +  2Cr20^“  +  13H‘^ - 3N2  +  4Cr'*^  +  I4H2O  (2) 

It  is  autoxidized  in  dilute  and  concentrated  solutions  with  the 
immediate  formation  of  hydrogen  peroxide  and  then  nitrogen  and 
water.  Hydrazine  is  violently  oxidized  by  the  halogens: 

2I2  +  N2H^  - 4HI  +  N2  (1)(4) 

. .  Two  series  of  salts  are  produced  with  acids and 

2  5 

H2N-NH2  ■>  (H2N-NH3)C1  and  (H3N-NH3)Cl2  (1)(5) 
a,  SO. 

H2N-NH2  (H2N-NH3)2S0^  and  (H3N-NH3)SO^  (1)(5) 

2N2H^*H2S0^  (N2H^)'H2S0^ 

dlhydrazine  sulfate  monohydrazine  sulfate 

Hydrazine  nitrate  is  formed  by  the  reaction  of  hydrazine 
with  anmoniun  nitrate  (6) .  It  butma  rapidly  in  air  and  explodes 
if  heated  in  c  confined  area.  It  is  decoiiq>oaed  under  vacuvaa  at 
200 °C  to  oxides  of  nitrogen  and  by  concentrated  sulfuric  acid  to 
nitric  oxide  and  nitrogen.  In  the  fused  state  It  reacts  vigor¬ 
ously  with  metals  and  bums  with  finely  divided  metals  such  as 
zinc  and  copper  (2) . 
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Hydrazine's  reactions  with  I2 ,  KIO-  (2)  and  HBrO,  (7)  are 
utilized  in  analytical  determinationsT  ■’ 

N2H^  +  KIO^  +  2HC1  - KCl  +  ICl  +  N2  +  3H2O 

3N2H^  +  aHBrO^  - 3N2  +  2HBr  +  6H2C 

2I2  +  N2H^  - 4HI  +  N2  (1)(4) 

5-1.2  Decontamination 

5. 1-2.1  Literature  Review 


The  procedures  used  in  handling  hydrazine  spills  are  de¬ 
pendent  upon  whether  or  not  the  material  bums  follovd.ng  the 
spillage. 


For  nonbuming  spills  the  procedure  is  to  minimize  vapor¬ 
ization  and  subsequent  formation  of  flammable  air-hydrazine  mix¬ 
tures.  The  most  recommended  procedure  is  to  flush  hydrazine  with 
water  followed  by  neutralization  with  aqueous  solutions  of  mater¬ 
ials  such  as  chlorine,  hypochlorite,  or  peroxide  (8).  Another 
possible  disposal  tectoique  i.*^  controlled  burning.  It  is  also 
believed  that  a  reaction  occurs  between  hydrazine  and  chemicals 
in  Che  soil  (8).  This  suggests  that  seepage  into  the  grovmd  is 
not  only  permissable  but  may  be  beneficial. 

Other  reported  decontamination  procedures  include  the 
use  of  aqueous  solutions  to  effect  reaction,  the  use  of  solids 
as  suppressants,  and  the  use  of  foams  (8). 

Exao^les  of  the  aqueous  solutions  tested  are  NaHCO>, 

H2O2,  and  KMnOA.  While  they  are  suitable  decontaminants,  their 
effectiveness  Is  no  greater  than  water  alone  for  the  removal  of 
H2H^  vapors  from  the  air. 

Examples  of  satisfactory  powders  tested  are  CMC  (type  7HS) 
cellulose  gum  and  Natrosol  250  hydroxycthyl  cellulose  (both  from 
Hercules  Powder  Company) . 

Foasu  also  proved  effective  in  containing  hydrazine  spills. 
The  results,  however,  show  them  to  be  sierely  an  additional  way  of 
applying  water  or  aqueous  solutions  to  the  spill. 

Those  sp  11s  %fhlch  result  in  fire  ar  >  subdivided  Into 
alr-hydrazlne  and  oxidizer -hydrazine  types.  There  are  three  pro¬ 
cedures  for  fire  extinguishment— water ,  foam,  and  dry  powder  (11). 
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Watfir  extinguishment  is  the  best  procedure  for  air  -hydra¬ 
zine  fires.  The  hydrazine  laust  be  diluted  to  50-607o  by  weight. 

For  oxidizer-supported  fires  about  twice  as  much  water  is  needed. 
The  table  below  gives  figures  on  hydrazine  concentrations  which 
are  hypergolic  with  nitrogen  tetroxide  (11) . 


Temperature .  °F 

80 

140 

205 


7.  By  Weight  of  N2H^ 


Hypergolic 

Bums  with 

N2O4 

60 

60 

55 

45 

mm  «• 

35 

\'7ater  applied  as  a  fog  is  not  too  effective  for  fight i.ng  fires  due 
to  evaporation  of  the  water. 


Foams  are,  in  effect,  jtist  gentle  applications  of  water 
since  the  foams  break  under  heat,  forming  a  water  layer  on  the 
hydrazine.  The  maximum  foam  required  is  one  that  yields  0.1 
gallon  of  water  in  the  foam/sq.  ft.  of  h>drezine  spill. 

The  best  dry  powder  extinguishers  are  NaHC03  and  KHCO3. 
Recommended  applicatio.i  rate  is  0.02  lbs/i  ?c./sq.  ft.  One  dis¬ 
advantage  of  their  use  is  that  reignition  .:ould  occur  if  the 
entire  fuel  surface  is  not  covered.  The  above  also  appears  to  be 
applicable  to  oxidizer  fires  (11) . 


Water,  fog,  and  NaHCOo  base  extinguishers  on  large  scale 
fires  should  be  used  with  cautron  because  of  the  possibility  of 
back  flashes  and  explosive  Ignition  (12) . 

The  use  of  halogenated  coaqtounds  is  not  recommended  for 
fire  extinguishment  since  there  is  evidence  that  hydrazine  reacts 
with  such  materials.  CH2BrCl..  for  example,  increases  the  fire 
intensity  and  forms  dense  fumes  (11).  Hydrazine  also  reacts  with 
rust  to  form  confounds  succeptible  to  explosive  decomposition  (13) . 

5 . 1 . 2 . 2  Recommendations 


Water  is  the  decontaminant  recommended  for  hydrazine 
spills.  The  contaminated  areas  and  equipment  should  be  flushed 
with  large  quantities  of  water.  The  area  should  be  ventilated 
conqpletely  and  thoroughly.  If  seepage  and  diffusion  of  the  dilute 
aqueous  hydrazine  Into  the  soil  cannot  be  tolerated,  for  instance 
because  of  water  taMe  problems,  neutralization  can  be  effected 
using  materials  s  ch  as  hypochlorite  or  peroxide.  Water  extinguish¬ 
ment  is  also  recommended  for  air-  or  oxidizer-supported  hydrazine 
fires . 
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5.1.3  Toxicity 


The  Haxlmum  Allowable  Concentration  (MAC)  for  hydrazine 
vapors  has  been  reported  as  1  ppm.  In  the  presence  of  vapots  at 
0.25  ppm  of  a  lyrdrazine-UOMH  mixture,  this  is  decreased  to  0.5 
ppm  (9 ,  14) .  This  vaJ.ue  may  be  exceeded  by  a  factor  of  10  for 
short  term  exposures  (9).  Pulmonary  edema  results  from  inhala- 
tion  (14) . 

The  1050  (internal  dosage  which  will  cause  death  in  50% 
cf  those  so  treated)  is  variously  reported  as  64-75  mg/kg. 
(milligrams  of  hydrazine  per  kilogram  of  body  weight)  (15,  16, 

17) .  The  pharmacological  action  is  chiefly  central  nervous  sys¬ 
tem  involvement  (toxic  and  chronic  convulsions)  and  vomiting  (14, 
15).  There  is  also  liver  and  kidney  involvement.  Protective 
agents  are  argenine  and  ornithine  (16). 
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SECTION  6 

UNSYMMETRICAL  DIMETHYLHYDRAZINE 


6.1  PRACTICAL  STUDY 

6.1.1  General 

UIMI  is  a  clear,  hygroscopic  liquid,  miscible  In  all  pro¬ 
portions  with  water  and  soluble  In  water,  ethanol,  and  most  petro¬ 

leum  fuels.  It  freezes  at  -61.6®F  and  bolls  at  145. 4°F.  The  liq¬ 
uid  density  Is  49.6  Ibs./cu.  ft.  and  the  vapor  density  is  2.07 
(air  -  1)  (1).  UMIH's  spontaneous  Ignition  temperature  is  482 °F 
and  its  explosive  limits  in  air  are  2.5  to  95%  by  volume  (1)(2). 

Its  temperature  limits  of  flammability  in  air  at  1  atmosphere  are 
S^F  to  140 °F.  UreiH  is  thermally  stable  well  above  its  boiling 
temperature  and  there  is  no  explosive  decomposition  up  to  112°F 
at  0  psig  or  up  to  939 °F  at  200  psig  (1)(2). 

umiH  is  very  insensitive  to  shock  even  at  elevated  temper¬ 
atures.  Admixture  with  metals  or  metal  oxides  conmonly  found  in 
storage  systems  resulted  in  no  indication  of  an  increase  in  shock 
sensitivity.  There  may  be  some  effect  with  CuO  or  Hg  and  further 
investigation  is  suggested  (2) . 

6.1.2  Decontamination 


6. 1.2.1  Literature  Review 

Any  leakage  of  UDMH  will  result  in  a  flammable  alr-UIMl 
mixture  when  the  temperature  is  in  the  range  5-140 °F  (3) .  As  with 
hydrazine  spills  the  procedure  Is  to  minimize  vaporization  and 
subsequent  formation  of  the  flammable  air-UDMH  mixtures.  For  non- 
buming  spills,  the  most  widely  recommended  procedure  is  a  water 
deluge  (3,  4,  5). 

In  addition  to  the  water  application,  the  possible  use  of 
aqueous  solutions,  foams,  and  solids  as  vapor  suppressants  and 
fire  preventatlves  have  been  evaluated.  Aqueous  solutions  of 
NaHC03,  carbonated  water,  H2O2,  NaOCl,  and  RMhOa  were 

effective"^ in  controlling  vaporization  by  dilution  and  reaction  with 
UDMH.  Foams  also  proved  effective  ^ile  adsorbent  solids  proved 
ineffective  (4) .  None  of  the  above  were  significantly  more  effec¬ 
tive  than  water  alone. 

UI^  gels  present  less  of  a  hazard  than  does  the  liquid 
fuel  when  spilled  since  the  gelled  material  will  not  splash  or 
spread  over  a  wide  area.  However,  the  gel  requires  the  same  safety 
precautions  since  gelling  does  not  redtice  toxicity,  vapor  pressure 
or  reactivity  (6). 

It  is  recommended  that  UDMH  be  stored  under  an  inert 
nitrogen  blanket  to  minimize  the  possibility  of  fires  from  the  for- 
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mation  of  flaimtable  air-UDMH  mixes.  Since  UDMH  reacts  id.th  carbon 
dioxide  to  form  a  white  solid,  carbon  dioxide  is  not  recomaended 
as  a  blanket  (7) . 


When  a  UDMH  spill  results  in  a  fire,  the  extinguishing 
procedure  may  vary  depending  on  whether  the  fire  is  of  the  air- 
UMIH  or  oxidizer “UDMH  type. 

Water  is  the  best  extinguisher  for  the  air “fuel  fire. 

UDMH  must  be  diluted  to  about  30“407o  to  extinquish  the  fire./  A 
larger  volume  of  water  is  needed  for  UDMH  than  for  hyUrazind  fires 
since  there  is  no  stratification  with  an  upper  water  layer  /as  with 
hydrazine  (3,  8,  9).  A  recommended  water  application  rate  is  0.8 
g.p.m./sq.  ft.  of  fire  with  a  total  application  of  2.5  gal.  H»0/ 
gal.  fuel  (9).  ^ 

Alcohol“type  foams,  consisting  of  60%  alcohol  foam  with 
a  10:1  expansion  ratio  have  also  proved  effective  in  fighting  air“ 
UDMH  fires.  The  recommended  application  is  0.25  gal.  of  liquid/ 
sq.  ft.  applied  at  a  rate  of  0.4  g.p.m./sq.  ft.  The  quantity  of 
foam  depends  on  the  fuel  depth  and  the  mixing  conditions  of  foam 
and  fuels  (9) . 


Dry  chemical  powders,  chiefly  NaHC03  and  KHCO3,  have 
proved  effective  when  applied  to  fires  at  the  rate  of  0.02  lbs./ 
sq.  ft.  X  sec.  The  total  application  is  0.1  Ibs./sq.  ft.  More  of 
the  powder  is  needed  than  for  hydrazire“air  type  fuels  (9). 


Trichlorotrlfluoroethane  (Genetron  113)  has  also  been 
found  to  be  effective  in  fighting  UDMH  fires.  Although  relgnltlon 
may  occur,  the  resulting  fire  will  not  be  as  intense.  The  com* 
pound  is  believed  to  work  through  a  coinbination  of  dilution  and 
olanketing  plus  the  cooibustion  retarding  action  of  the  halogens. 

It  is  more  effective  than  the  water  sprays  but  less  effective  than 
NaHC03  (9). 

There  are  two  recmnnendations  against  the  use  of  water 
fog,  CO2  or  IIaHC03  extinguishers  for  large  fires  because  of  the 
possible  back“flash  and  explosive  reignition  (5,  8). 

With  oxidizer  “UDMH  fires,  water  is  again  the  most  rec<^“ 
mended  extinguishing  agent  providing  it  does  not  react  with  the 
specific  oxidizer.  Twice  as  much  water  is  needed  for  the  oxidizer 
type  fires  as  for  the  air  type  fires  (8,  9). 


At  80 "F,  60%  by  weight  of  UDMH  in  water  is 
with  nitrogen  tetroxide  while  30%  by  weight  of  UDMH 
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still  imdergo  coinbustlon  with  nitrogen  tetroxide  (9). 

VRiile  foams  and  dry  powders  may  also  be  effective  in 
extinguishing  oxidizer-fuel  fires ,  there  are  no  specific  refer¬ 
ences  to  their  use. 

6. 1.2. 2  Recommendations 


Water  is  the  decontaminant  recommended  for  JDMH  spills. 
Til-  contaminated  arers  snd  equJpmA"*  nhmitd  be  flushed  with  large 
quantities  of  water.  The  UI^  water  solution  can  be  neutralized 
by  treating  with  hypochlorites  on  hydrogen  peroxide.  Copious 
water  flushing  is  also  recommended  for  personnel  decontai^nation. 
Water  sprays  and  fogs  are  recommended  for  removing  UDMH  vapor  from 
the  air. 


Air  or  oxidizer  supported  UiTOffl  fires  may  best  be  extin- 
qulshed  by  application  of  large  amounts  of  water  in  the  form  of 
a  coarse  spray. 

6.1.3  Toxicity 

The  MAC  for  Ul^  vapors  has  been  tentatively  set  at  0.5 

gpm  (10,  11,  12).  There  is  one  reference  which  states  that  a 
uman  could  be  exposed  to  10  mg/day  without  harmful  effects  (13) . 
UDMH  is  a  central  nervous  system  irritant,  the  toxic  effect  being 
tremors,  convulsions, hemolytic  anemia, and  cardiovascular 
collapse  (10,  14). 


The  LDcq  for  umH  has  been  reported  as  101  to  122  mg/kg 
(15,  16,  17).  Pyridoxine  hydrochloride  and  aminooxyacetic  acid 
are  reported  to  be  protective  agents  (14,  15).  For  example, 
the  administration  of  25  mg/kg.  of  pyridoxine  raised  the  LD3Q 
to  250  mg/kg  (17).  Recommended  dosagei^  range  from  25  mg/kg  1(14, 
17)  to  50-200  mg/kg  (15).  The  first  sign  of  significant  toxic¬ 
ity  is  emesis.  Therefore,  the  protective  a^jents  should  be  ad¬ 
ministered  whenever  nausea  and/or  vomiting  occur  (14). 

There  is  one  report  of  a  human  e'  posure  to  liquid  UIMH  a 
the  skin  and  eyes  with  tne  subseouent  inhalation  of  the  vapors  for 
about  one  minute  (18) .  The  inmediate  effect  was  a  burning  sensa¬ 
tion  on  the  eyelids.  Symptoms  lasted  about  24  hoars  while  the 
first  degree  bums  on  the  eyelids,  face  and  forearms  cleared  up 
in  about  one  week.  The  first-aid  consisted  of  immediate  washing 
with  water  followed  by  flushing  of  the  eyes  with  normal  saline 
solution. 


eo 


Exposure  to  toxic  propellants  at  rocket  test  sites  and 
launch  areas  will  always  be  of  short  duration.  Therefore,  emer¬ 
gency  exposure  limits  (EEL's)  are  of  greater  importance  to  rocket 
personnel  than  MAC's.  The  African  Industrial  Hygierir*  Associa¬ 
tion  has  set  the  following' EEL ror  UDMH: 

Time  PPM 

5  600 

15  200 

30  100 

60  50 
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SECTION  7 


HYDROGEN 


7.1  PRACTICAL  STUDY 

7.1.1  General 

Liquid  hydrogen  is  a  transparent,  colorless,  odorless 
liquid  with  a  boiling  point  of  -423. 2*F  (-252. 9“C).  At  its  boll- 
iiig  point,  the  liquf  J  density  Is  4.37  Ib./ft.^  and  the  gas  den¬ 
sity  Is  0.083  lbs. /ft. 3.  The  gas  density  at  32 °F  Is  0.0056  lbs./ 
ft. 3.  Hydrogen's  limits  of  flasmablllty  In  air  are  4  to  74.2%  by 
volume,  while  Its  autolgnltlon  teo^rature  is  1075°F.  The  criti¬ 
cal  te^erature  and  pressure  a» -400°F  and  12.8  atmospheres, 
respectively  (1,  2.  3).  When  liquid  hydrogen  Is  exposed  to  the 
atmospnere.  It  forms  a  white,  voluminous  vapor  cloud. 

The  hydrogen  u  olecule  Is  present  In  two  forms— ortho 
and  para.  This  classification  Is  based  on  the  direction  of  the 
spin  of  the  nticlel  In  the  molecule.  The  equilibrium  which  exists 
between  the  two  forms  gradually  shifts  to  parahydrogen  as  the  gas 
approaches  liquefaction.  (At  room  t enperature  the  equilibrium 
cooq>osltlon  Is  75X  orthohydrogen  and  25%  parahydrogen  \i^lle  at 
-423. 2 "F  the  equilibrium  composition  Is  99.79%  parahydrogen  and 
0.21%  orthohydrogen).  Since  the  conversion  from  ortho  to  para¬ 
hydrogen  Is  an  exothermic  one,  the  resulting  heat  causes  addi¬ 
tional  evaporation  of  the  liquid.  To  minimize  this  loss,  the 
ortho  form  Is  converted  to  the  para  form  prior  to  liquefaction 
by  the  use  of  catalysts  (1,  3). 

Although  liquid  hydrogen  Is  chndcally  stable.  It  reacts 
violently  with  strong  oxidizers.  Igniting  easily  %d.th  oxygen  and 
spontaneously  with  fluorine  and  chlorine  trlf luorlde  (3) . 

The  effects  of  the  low  temperature  of  liquid  hydrogen 
on  the  properties  of  materials  of  construction  are  iisportant. 

Most  ferrous  metals  and  mild  steels,  for  example ,  become  brittle. 
Metals  suitable  for  use  with  liquid  hydrogen  Include  stainless 
steel  (300  series  or  other  austimltlc  series),  copper,  bronze, 
brass.  Monel  and  alumixuni  (1). 

7.1.2 

7. 1.2.1  UtfgtfMF 

The  procedures  to  be  used  following  spills  of  liquid  hy¬ 
drogen  are  dependent  on  whether  or  not  fires  result.  For  minor 
spills  with  no  ensuing  fire,  the  liquid  will  vaporize  rapidly. 
Even  for  major  spills  the  likelihood  of  ignition  la  not  as  great 
as  with  other  fuels.  There  Is  a  oHj^t  possibility  that  spontan¬ 
eous  deflagration  could  occur.  Howe^r,  since  this  would  require 
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a  strong  shock  wave  source,  this  possibility  is  rather  retoote  (4,  5). 

One  reconraended  procedure  is  to  provide,  in  areas  where 
spillage  may  occur,  pavement  with  a  high  specific  surface  to  aid 
rapid  dispersal  by  vaporization.  Recommended  surfaces  include 
gravel,  asphalt,  sand  and  loose  soil  (2). 

The  rapid  vaporization  of  liquid  hydrogen  spills  leads  to 
the  formation  of  flammable  hydrogen-air  mixtures.  However, 
results,  based  on  a  large  nuBi>er  of  experimental  spills,  show 
not  only  the  absence  of  any  detonations  but  also  the  absence  of 
any  evidence  of  a  tendency  to  detonate.  These  results  also  indicate 
that  both  the  duration  of  the  fires  and  the  resultant  radiation 
fli2x  density  are  less  than  that  from  fires  of  ordinary  hydrocarbon 
fuels  (4) . 

Some  work  has  been  carried  out  on  ignition  and  coid>ustion 
of  hydrogen-air  mixtures.  Ignition  of  liquid  hydrogen  in  a  Dewar 
resulted  in  isqplosion  and  subsequent  explosive  vapo^zation  of 
liquid  hydrogen.  Ignition  of  liquid  hydrogen  in  a  Dewar  followed 
by  spillage  resulted  in  a  burst  of  flame  and  rapid  burning  until 
all  the  liquid  vaporized.  Xg.iition  of  hydrogen-air  mixtures  in 
open  spaces  above  a  liquid  spill  caused  rapid  burning  flames.  It 
was  further  deterodned  that  the  flame  dimensions  were  dependent  on 
the  volume  spilled,  the  rate  of  spilling,  the  nature  of  the 
surface  on  which  spilled,  the  location  of  the  ignition  •ource,  and 
when  the  ignition  occurred  (2). 

Fires  may  be  fought  using  the  common  extinguishing  agents: 
water,  carbon  dioxide,  and  steam  (3).  However,  other  references 
do  not  recommend  the  use  of  water  fog,  steam,  or  nitrogen  (4,  6). 

Additional  recomomnded  fire  fitting  techniques  are: 

a)  On  fires  resultixig  from  spills  less  than  two  inches 
in  depth  the  best  procedxnre  is  to  let  the  fire  bum  itself  out 
Using  powder  extinguishing  agents  will  only  increase  the  intensity 
of  the  fire.  Water  sprays  sluntld  be  used  to  prevent  the  possible 
spread  of  the  fire. 

b)  For  fires  resulting  from  spills  of  larger  than  two 
inch  depth,  the  fire  is  extingoisbed  by  s  combination  of  a  high 
expanaioo  ratio  mechanical  foam  containing  nitrogen  or  air  fol¬ 
lowed  by  spplication  of  KBOO3  the  dry  chemical.  The  nitrogen 
foam  is  applied  at  the  rate  of  0.35  gal.  of  liquid  per  sq.  ft.  of 
burning  hy^ogen  per  second,  while  the  IBOO3  is  applied  at  the 
rate  of  0.7  Ibs./sq.  ft x sec.  At  these  rates,  extlnniishment  Is 
accomplished  in  five  seconds.  The  foam  does  not  extingulah  the 
fire  but  reduces  the  flame  volume  so  that  applicable  rates  of  KBC0« 
are  effective  (6) . 


65 


When  KfiCCh  Is  used  alone,  the  cdninMm  rete  of  application 
is  3  Ibs./s^.  ft.  X  sec.  to  put  out  fires  in  Dewars  or  pools. 
Carbon  dioxide  will  extinguish  fires  in  Dewars  and  deep  pools  at 
the  ndnimia  rate  of  application  of  1  Ib./sq.  ft.  x  sec.  neither 
conpound  is  suitable  alone  for  large  spills  because  of  the  quanti¬ 
ties  required  (6). 

NaHCX)<)  is  not  effective  against  hydrogen  firbs  even  at 
tbe  rate  of  44'  ibs./sq.  ft.  sec.  ABC  powder,  a  silicone  treated 
aonoaonottiun  phosphate,  is  also  not  effective.  ?^>orislng  liquids, 
such  as  GF3Br,  proved  to  be  ineffective  (6). 

It  was  also  noted  c!’>at  the  rate  of  application  of  the 
extinguishing  agents  was  toore  iaportant  than  the  total  oaount 
applied.  Fi^s  were  extinguished  rapidly  at  a  given  rata  or  they 
were  not  extinguished  at  all  (6). 

Additional  hasards  to  be  considered  with  the  t»e  of 
liquid  hydrogen  are  the  possibility  of  condensing  oaqrgen  to  fom 
shxMk  sensitive  niixtures  ai<d  tbr  possibility  of  condensing  '''ce” 
crystals  by  exposure  to  air.  These  hazsrds  cn&  be  ovarcosMi  jv 
using  an  inert  gas  such  as  helium  or  nitrogen  as  a  blankat  (4; . 


One  conclusion  reached  in  tha  study  of  the  hasarda  of 
liquid  hydrogen  was  that  certain  additives  (such  as  nitrogen, 
methane,  and  methyl  chloride)  considerably  increased  the  lainlssmi 
energy  necessary  for  a  spherical  detonation  (6) . 


The  major  conclusion  reached  was  that  liquid  hydrogen 
is  much  safer  to  handle  than  many  other  propellants.  In  uncon*' 
fined  areas,  even  with  air,  it  does  not  detonate.  Radiation 
effects  from  hydrogen  fires  are  less  than  those  from  fires  of 
conventional  hydrocarbon  fuels.  However,  vapor  ignition  is  quite 
ea8y»  Therefore,  extreme  care  should  be  exercised  in  removing 
all  sources  of  ignition  from  areas  where  liquid  hydrogen  is 
handled  or  stored  (4). 


7. 1.2. 2  Recomnendations 

On  fires  resulting  from  spills  less  than  2  inches  in 
depth,  the  best  procedure  is  to  let  the  fire  bum  itself  out. 

Water  sprays  are  reconmended  to  prevent  the  possible  spread  of  the 
fire. 


For  fires  resulting  from  spills  of  greater  than  2  inch 
depth,  the  fire  is  best  extinguished  by  a  cow Inat loti  of  a  high 
emanslon  ratio  mechanical  foam  containing  nltrogwU  or  air 
followed  by  application  of  KHCOo  as  the  dry  chemical.  The  nitro¬ 
gen  foam  is  applied  at  the  rate  of  0.35  gal.  of  liquid  per  sq.  ft. 
of  burning  h^rogen  per  second.  The  KHCO3  Is  applied  at  the 
ratG  of  0.7  Ibs./sq.  ft.  x  sec.  At  these  rates  extinguishment  is 
acconqptlisHeci  in  five  seconds. 
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7.1.3  Toxicity 

Hydrogen  is  not  considered  toxic  In  the  usual  sense. 
Honever,  inhalation  of  concentrated  hydrogen  will  cause  anoxenda 
and  asphyxiation  due  to  exclusion  of  oxygen  (7). 
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FLUORINE 


8.1  PRACTICAL  STUDY 

8.1.1  General 

Fluorine  Is  a  pale  yellow  gas  which  condenses  to  a 
heavv  (1.507  g/nl)  amber-colored  liquid  at  -306.5**F.  It  freexes 
at  -H3.3*F.  The  critical  tenqperature  and  pressure  are  -200”? 
and  55  atnospheres  respectively  (1)  (10).  Combined  fluorine  Is 
widely  distributed  in  nature,  and  according  to  recent  estimates 
accounts  for  about  0.065%  by  weight  of  the  earth's  crust.  Among 
the  elements  it  Is  about  thirteenth  in  the  order  of  abundance. 

Fluorine  reacts  with  practically  all  organic  and  inor¬ 
ganic  substances  except  metal  fluorides  in  their  highest  valence 
state,  a  few  pure,  cc^letely  fluorlnated  organic  compounds,  and 
compact  metals.  It  is  the  most  powerful  oxidizing  agent  known 
releasing  high  heats  upon  reacting.  Most  reactions  take  place 
with  Igtatlon  (10).  It  combines  ^th  all  of  the  elements  and 
even  some  of  the  noble  gases.  Fluorides  of  xenon,  radon,  and 
krypton  have  been  prepared  by  direct  combination  with  elemental 
fluorine  (3)  (4).  It  reacts  with  all  metals  at  elevated  temper¬ 
ature.  Fortunately,  the  formation  of  stable  fluoride  coatings 
on  some  metals,  retards  further  attack  and  makes  them  satisfactory 
for  handling  and  storage  (1)  (10).  Fluorine  does  not  react  with 
helium  or  nitrogen,  nor  does  It  react  directly  with  oxygen  under 
ordinary  conditions.  However,  four  oxygen  fluorides  are  known  (5). 
Most  organic  materials,  solvents,  etc.,  react  spontaneously.  Gen¬ 
erally,  the  reaction  of  fluorine  with  organic  compounds  is  violent. 
Saturated  hydrocarbons  under  controlled  conditions  react  to  give 
perfluorocarbons  (6). 

8.1.2  Decontamination 


8. 1*2.1  Literature  Review 

The  reaction  of  fuel  with  liquid  fluorine  Is  so  rapid 
that  attenpts  to  extinguish  the  resulting  fire  are  futile.  Fire 
control  here  must  be  directed  toward  mlnunlzing  damage  from  secon¬ 
dary  fires.  In  any  case.  If  possible,  one  should  cut  off  the 
supply  of  fluorine,  and  make  certain  that  the  decontamination 
system  has  been  activated.  The  secondary  fire  should  be  treated 
as  simple  fire  (1)  (2)  (8). 

Sball  quantity  spills  of  liquid  fluorine  can  be  neu¬ 
tralized  with  sodium  carbonate.  Dry  chemical-type  fire  extingui«h- 
ers  are  recommended  for  this.  This  material  not  only  neutralises 
the  fluorine,  but  assists  In  extinguishing  secondary  fires  (1). 
Larn  spills  may  be  decontaminated  with  water  spray,  water  fog,  or 
sodium  carbonate  (7)  (12). 
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8,1. 2. 2  ftBCQiBBisndulona 

Small  spillagea  o£  lltjuld  fluorine  cen  be  decontamineted 
with  powdered  sodium  carbonate.  Ihe  dry  powder  should  be  sprayed 
onto  the  contaminated  area  from  a  fluidized  system  similar  to  that 
used  with  dry  chemical  fire  extinguishers.  Large  spills  can  be 
controlled  with  water  in  the  form  of  a  fine  spray  or  fog,  The 
fluorine  in  the  latter  case  Is  converted  to  hot  light  gases  idtich 
rise  vertically  and  diffuse  quickly  into  the  ataosphere,  Ihe 
residual  dilute  aqueous  HF  may  then  in  turn  be  neutralised  with 
sodium  carbonate  if  seepage  into  the  soil  is  underslrable, 

8.1.3  Tbxicitv 

Fluorine  gas  and  liquid  fluorine  are  extremely  corrosive 
and  irritant  to  skin  tissue.  Inhalation  of  minor  concentrations 
irritates  the  respiratory  tract.  Inhalation  of  high  concentra¬ 
tions  results  in  severe  lung  congestion.  A  high  concentration 
can  cause  death  in  a  few  minutes.  The  victim  should  be  moved  to 
fresh  air,  and  given  oxygen  lionediately  (1)  (2)  (8)  (10).  The 
present  threshold  limit  value  for  fluorine  published  by  the 
American  Conference  of  Governmental  Hygienists  is  0.1  ppm  in  air 
for  an  eight  hour  work  day,  40  hour  week  (2)  (8)  (9), 

Machle  reported,  based  on  human  case  histories,  that 
intermittent  exposure  to  concentrations  of  ten  to  20  mg/eu  m 
caused  no  ill  effects  (11).  Lyon  published  data  which  show  that 
inter imttent  exposures  to  concentrations  up  to  20  mg/cu  m,  for 
periods  of  five  to  30  minutes,  cause  no  ill  effects  (11).  Ricca 
infers  that  short  term  expostires  to  fluorine  at  20in^cu  m  for 
five  minutes  would  caiue  no  irreparable  respiratory  damage  to 
humans,  and  that  five  mg/cu  m  for  short  single  e3q>osures  should 
be  tolerable  from  a  comJcort  standpoint  (11). 
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BBRYLLIZINg 


9.1  m^fOmssm 

'9,1,1  SsmSMk 

Beryllisine  is  s  gsllsd  Bdxturs  contsinlng  various 
siBounts  of  bsryllium  in  hy&aslns  as  tha  carrier.  The  term 
is  a  generic  one  idiich  does  not  designate  the  metal  concentra¬ 
tion  or  the  stabilising  agents.  The  nominal  composition  of 
beryllisine,  l>r  use  in  combination  with  nitrogen  tetroxide  as 
the  oxidiser,  is  101  beryllium  powder  and  SOX  hydrasine  (1). 

Gelling  agents  such  as  Shawiniean  Chemicals  Co., 
Shawinigan  Aeetyline  Black;  Dow  Chemical  Co.,  DOW  ET-435; 
Hercules  Powder  Company,  GKC-7H;  and  Reynolds  Metals  Co., 
Reynolds  40XD  are  tne  most  effective  in  hydrasine  formulations. 
The  addition  of  the  gelling  agomt  is  made  at  the  expense  of  the 
hydrasine  concentration  (ij. 

The  density  of  metal  powders  and  gelling  agents  in  a 
liquid  carrier  can  oe  calculated  if  the  volumes  of  the  compon¬ 
ents  are  assumed  to  be  additive.  The  densities  of  properly 
prepared  samples  are  within  0.005  gm/cc.  of  the  calculated 
values.  Mbong  and  dispersion  must  be  conducted,  in  the 
absomce  of  contaminating  gases,  at  the  vapor  pressure  of  the 
liquid  phase.  When  processed  under  a  protective  atmosphere 
of  nitrogen,  the  measured  densitie*;  are  less  than  the  calcu¬ 
lated  values  because  of  entrained  gu.  It  is  very  difficult  to 
remove  the  gas  from  a  poorly  processed  gel.  The  density  of 
beryllisine  with  a  nominal  cora^sition  of  20X  beryllium  and  SOX 
hydrasine  is  1.12  gm/cc.  at  77^.  Its  Brookfield  viscosity 
(spindle  Ho.  4)  at  the  same  tomperature  is  7|000  »  6,000  and 
1,500  cps  at  6,  12  and  60  RFM,  respectively  (1). 

Since  no  true  solute-solvent  system  exists,  the  vapor 

fressure  of  tte  liquid  phase  In  a  gelled  mscalllsed  propellant 
8  not  affected  by  the  gel  structure.  The  vapor  pressure  is 
entirely  teaperature  dependent.  There  ia  however,  a  marked 
reduction  In  the  rate  at  which  the  equilibrium  vapor  pressure 
is  developed  (1). 

9.1.2 

9. 1.2.1  Literature  Review 

Ho  specific  references  to  decontasdnation  studies  or 
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to  actual  spills  of  barylllslna  wars  found  In  the  literature. 
Reference  is  made  to  the  use  of  water  to  flush  and  clean  emip*' 
ment  after  containing  berylliaine  (1).  Since  beryllizlne  is 
a  gel.  it  would  seem  necessarr  that  any  decontaminant  must  be 
capable  first  of  destroying  the  gel  in  order  to  intimately  con¬ 
tact  the  components,  hydrazine  and  beryllium. 

Dilute  aqueous  H2O2  was  found  effective  in  destroying 
alumizine  gels  ana  neutralizing  the  hydrazine.  Therefore  H2O2 
might  be  eiqpected  to  act  similarly  with  beryllizlne.  However, 
in  this  latter  case  we  still  have  the  very  toxic  beryllium  to 
contend  with.  Since  bervlUum  and  most  of  its  compounds  are 
extremely  toxic,  it  may  be  necessary  in  the  case  of  a  spill  to 
collect  the  waste  material  in  a  settling  pond  and  treat  the 
residues  as  radioactive  wastes  (8). 

The  beryllium  powder  which  is  the  more  tdxic  compon¬ 
ent  of  the  fuel  will  be  little  affected  by  a  deluge  of  a  decon¬ 
taminant  solution  idiich  would  neutralise  the  hydrazine.  The 
surface  of  the  metal  particles  would  be  oxidized  with  a  super¬ 
ficial  coating  of  oxide  which  would  inhibit  further  reaction. 

It  is  little  affected  by  even  long  exposure  in  cold  water.  In 
fact  it  is  slowly  converted  to  a  hydroxide  by  boiling  water 
(9) .  It  forms  oxides  idien  reacted  with  steam  (10) .  Beryllium 
will  react  with  acids  and  unlike  other  Group  II  metals,  the 
reaction  is  not  vigorous  (10,  11).  Tne  reaction  between  a 
caustic  and  beryllixim  is  also  different  than  the  other  Group 
II  metals  in  that  a  beryllate  ion  is  formed  (10). 

Be  +  OH"  +  H2O  - >  HBe02*  +  H2 

In  both  acid  and  alkali  reactions,  hydrogen  is  released. 

Beryllium  will  form  halides  idiich  are  soluble  and 
easily  hydrolyzed.  The  fluoride  may  be  prepared  by  reacting 
the  powder  with  hydrofluoric  acid.  On  the  contrary  the  oxide 
which  is  a  very  stable  compound  is  highly  insolid>le.  Beryllium 
hydroxide.  Be(0H)2i  i>  precipitated  from  beryllium  salt  solu¬ 
tions  by  hydroxide  ions  (12,  13).  Although  many  beryllium  com¬ 
pounds  can  be  formed  (9.  10.  11,  12,  13)  no  ccopound  has  been 
noted  that  con  be  considereo  cot^letely  non  tone. 

9. 1.2. 2  Recommendations 


Tin  size  of  the  beryllima  particles  is  an  ia^ortant 
factor  in  its  toxicity.  It  therefore  iqtpears  that  a  chmeical 
treatment  of  the  fine  powder  is  warranted.  The  formation  of  a 
soluble  salt  or  a  gelatinous  precipitate  would  reduce  the  in- 
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hclation  hazard  produced  by  air '•borne  particulate  matter. 
However,  It  doea  not  appear  feasible  tnat  a  decontamlnant  could 
both  sazely  neutralize  the  hydrazine  and  react  completely  with 
the  beryllium.  A  two  step  decontamination  process  Is  therefoxs 
Indicated. 

A  spill  of  berylllzlne  should  be  cleaned  vp  as  mjch  as 
possible  by  mechanical  means.  The  beryllium  powder  Is  firmly 
attached  to  the  gel  and  therefore  presents  the  minimal  toxicity 
hazard.  Deluging  the  spill  on  the  contrary  would  break  the  gel 
and  spread  the  fuel  over  a  larger  area  (14).  The  effluent  gas 
from  the  hydrazine  neutralization  could  conceivably  carry 
along  the  micron  sized  berylllun  particles,  increasing  the 
attendant  hazard. 

Therefore  we  conclude  that  a  spill  of  berylllzlne 
should  not  be  deluged  but  should  be  collected.  The  residual 
fuel  should  be  flushed  to  a  subd  or  waste  pond  where  hydrazine 
neutralization  can  be  accompllsned  and  the  beryllium  converted 
to  less  hazardous  compounds  such  as  the  oxide  or  hydroxide 
prior  to  ultimate  disposal.  Disposal  of  these  beryllium  salts 
can  be  accomplished  by  the  methoM  used  for  radioactive  waste 
disposal  (8)  or  by  controlled  release  Into  the  ground  (14). 


9.1.3  Toxicity 


Both  components  of  berylllzlne,  beryllium  and  hydra¬ 
zine,  are  extremely  toxic.  The  toxicity  of  hydrazine  Is 
covered  elsewhere  In  this  report  and  will  not  be  repeated  here 
(for  details  see  Section  5). 

Beryllium  and  most  of  its  compounds  are  extremely 
toxic.  Xn  fact,  beryllium  Is  the  most  toxic  of  all  the  netals. 
Its  threshold  value  Is  I  mlcrograms^u  meter  (2,  3),  with  a 
maximiwi  daily  peak  of  25  mlcrograms/cu  meter  (4) . 

Hazard  from  contact  with  the  skin  Is  minor  except  In 
the  ease  of  pre-existing  open  wounds.  The  greatest  danger  Is 
from  finely  divided  beryllium  powder.  Most  Illnesses  have 
resulted  from  the  Inhalation  of  dust  or  fumes  of  beryllium  com¬ 
pounds  causing  acute  Inflammatory  lesions  of  the  eye,  skin, 
and  respiratory  tract  (4). 

All  salts  of  beryllium  are  toxic.  Soluble  salts  tend 
to  present  a  similar  magidtude  of  hazard  regardless  of  prepar¬ 
ation  technique  whereas  the  toxicity  of  Insoluble  salts  Is  <te- 
pendent  upon  the  formation  temperature.  Be02  for  example  when 
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formed  et  low  tenporaturo  la  hls^Iy  toxic.  Howavar,  Ba02  cal- 
cinad  at  high  tamparaturas,  above  2800**?,  ia  laaa  toxic.  The 
diffaranca  hi  toidcity  ia  baliavad  to  ha  dua  to  the  lower  aur- 
face  area  of  the  calcinad  material  (3,  5,  15). 


Acuta  pnaumonitia  haa  bean  produced  by  the  inhalation 
of  the  metal,  aa  well  aa  ita  oxide,  aulphate.  fluoride, 
chloride,  anc  hydroxide  (3).  Ihia  pnaumonitia  may  be  rapid  or 
delayed  oapending  on  the  magnitude  and  duration  of  the  axpoaura. 


A  beryllium  ulcer  can  raault  from  the  contamination  of 
a  pra-axiating  abraaion,  laceration,  or  puncture  wound.  Such 
an  ulcer  is  alowhaaling  and  painful. 


The  manifaatationa  of  beryllium  poiaoning  are  uaually 
inaidioua  (4).  The  poiaon  raachaa  the  circulation  alowly,  and 
dapoaita  remain  in  body  tiaaua«  for  many  yeara  after  expoaura. 
Beryllium  haa  been  detected  in  urine  aa  long  aa  tan  yeara 
after  axpoaura  (6). 

Approxiaataly  15%  of  the  acuta  caaaa  of  bervllium 
poiaoning  die  within  the  third  or  fourth  weak,  and  the  raat 
recover  within  four  montha.  Chronic  ayeptoma  nay  occur  within 
a  few  montha  or  up  to  10  yeara  after  expoaura  and  contlnua  in* 
definitely.  In  35%  of  the  caaaa  in  idiich  chronic  aveptoma 
develop,  the  raaulta  are  fatal  (7).  E.  Browning  (lo)  ia  aug- 
geatad  aa  an  additional  reference  for  information  on  the  toxi¬ 
city  of  beryllium. 

All  beryllium  waatea  are  aealed  in  a  drua  and  diapoaed 
of  throu^  a  certified  contractor  idio  treata  them  aa  radioactive 
waatea 
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SECTION  10 

LIGHT  METAL  HYDRIDES 


10.1  PRACTICAL  STUDY 

10.1.1  General 

Light  metal  hydrides  are  being  evaluated  as  fuel  additives 
for  rocket  propellants.  The  addition  of  hydrides  generally  result 
in  an  Improvement  in  both  the  specific  and  density  inmulses  for  the 
particular  propellant  system.  Our  investigation  has  been  limited 
to  those  hydrides  \dilck  are  presently  receiving  the  most  considera¬ 
tion  in  propellant  systems.  These  materials  are  lithium  hydride 
(LIH) y  beryllium  hydride  (BeH2) ,  and  aluminum  hydride  (AIH3) . 

In  practice  the  metal  hydrides  are  generally  used  in  con¬ 
junction  with  a  liquid  fuel  as  a  gelled  propellant  or  as  an  ingred¬ 
ient  in  solid  propellants.  In  view  of  the  very  many  propellants 
with  which  they  can  be  used,  this  discussion  will  be  limited  to  the 
treat  .oent  of  the  hydrides  per  se  rather  than  the  decontamination  of 
the  associated  liquid  or  solid  fuels. 

10.2  LITHIHM  HYDRIDE 


10  2 . 1  General 


Lithium  hydride  is  an  ionic  type  compound  where  the  hydro¬ 
gen  is  present  as  the  negatively  charged  ion.  It  is  a  white  or  gray 
crystalline  solid  with  a  structure  sii^lar  to  NaCl.  The  melting 
point  is  approximately  680°G  with  a  dissociation  pressure  equal  to 
27  mm.  Other  dissociation  pressures  are  0.07  mm  at  SOO^C  and  760  mm 
at  approximately  850 °C.  LiH  has  a  density  of  0.76  to  0.8  gram/cc. 
The  heat  of  formation  is  approximately  22  Kcal/mole  (1). 

10.2.2  Decontamination 

10.2.2.1  Literature  Search 

In  massive  form  LiH  reacts  fairly  briskly  with  a  large 
excess  of  water  without  ignition.  The  reaction  produces  a  hydroxide 
together  with  the  evolution  of  hydrogen: 

LiH  +  HjO  - >  LiOH  +  H2 

However,  the  addition  of  a  small  maoKax'.  of  water  to  a  sizable  amount 
of  finely  divided  material  results  In  the  generation  of  sufficient 
heat  to  ignite  the  mass  of  hydride  (1).  Lithium  hydride  Is  stable 
in  dry  air  or  oi^rgen  at  ambient  teuf^atures  but  will  slowly  decom¬ 
pose  In  moist  air.  In  fact  very  finely  powdered  LIH  has  been 
observed  to  Ignite  spontaneously  when  exposed  to  very  humid  air  (1) . 
It  has  also  been  reported  that  LIH  will  react  with  water  but  will 
not  generally  Ignite  (2) . 
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LiH  has  a  limited  solubility  in  polar  o^anlc  solvents 
such  as  diostane  and  diethyl  ether.  However,  the  flasna^ility  of 
these  solvents  alone  rule  them  out  as  possible  materials  for  decon> 
taelnating  LiH  spills.  LiH  is  reported  to  be  less  reactive  chemi¬ 
cally  than  other  alkali  todrides  except  in  loi  organic  solvent 
meditsn  (3).  Therefore,  t^  possibility  of  chemical  deconatamination 
is  not  encouraging,  in  addition,  many  reactions  that  do  occur 
take  place  in  an  organic  solution  or  with  materials  idilch  are 
themselves  hi^ly  hasardous.  For  example,  the  reaction  between 
LiH  and  an  inorganic  halide  may  be  represented  by  the  following 
equation: 


LiH  +  MX - >  ME  +  LiX 

Since  both  the  reactant  and  resultant  prodiMt  would  be  similarly 
hazardous,  this  type  of  re«:tion  is  not  a  practical  decontaaination 
approach. 


One  of  the  greatest  hazards  of  powdered  LiH  is  its  high 
flamaability.  As  previously  stated  it  may  be  ignited  e^te  readily 
even  by  moisture  in  the  air.  In  controlling  a  spill  of  this 
material  therefore  the  possibility  of  ccwbatlng  a  LiH  fire  aust  be 
considered.  The  usual  Hre  extinguLriiants  such  as  water,  md 
CCI4  (or  other  chlor lusted  hydrocarbons)  mast  be  avoided.  These 
materials  will  be  reduced  by  the  LiH  in  an  eztreasly  ezothermle 
reaction  (1).  In  fact,  sucn  extlnguishanta  nay  causa  violent  aid 
destructure  explosions  (2) .  Small  fires  may  be  ssathered  with  an 
inert  gas  such  as  li2  (1),  but  this  is  not  practical  for  ia:rge  spills. 
Smothering  with  dry  ground  dolomite  or  Ansul  Netal-X  is  suggested 
(2)  for  large  spills. 

10.2.2.2  Recommendations 

Spills  of  LiH  should  be  deluged  with  an  inert  powder  such 
as  ground  dolomite  followed  bv  removal  of  the  material  to  a 
disposal  area.  There  it  can  be  adequately  dlspoaed  of  by  burning 
(2).  In  the  event  that  the  spill  ignites,  the  fire  should  be  extin¬ 
guished  with  ground  dcloadte  or  Ansul  Netal-X  and  the  residue  dis¬ 
posed  of  as  previously  described.  Although  small  spills  of  LiH  can 
be  disposed  of  by  dropping  small  portions  in  a  large  volume  of 
water  (1),  the  iiqiracticability  of  neutralizing  a  large  spill  in 
this  manner  is  obvious.  We  therefore  recoaoBno  that  aqueous  deluges 
be  avoided  and  LiH  spills  be  deluged  with  a  dry  ground  powder  such 
as  dolomite. 

10.2.3  ToxicitY 

Lithium  hydride  i  s  not  volatile  and  therefore  does  not  present 
a  serious  internal  toxicological  problem.  LiH,  as  well  as  other 
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hydrides.  Is  toxic  cmly  to  the  ext«it  that  the  psorent  netal  is 
toxic  (2),  hithiutt  itself  or  its  salts  present  no  hazard  bat 
litMom  hydride  is  an  intensely  corrosive  asnl  irritant  naterial, 
which  in  hi|^  concentrations  sboold  he  potentially  hazardous  to 
workers  inhaling  it  (4).  However,  Lifi  is  a  8tr(»g  reducing  and 
dehydrating  agent.  Therefore,  it  will  react  with  laoisture  and 
the  reaction  products  are  irritating  and  corrosive  to  skin  and 
body  tissue.  The  dust  is  qpxLte  irritating  to  the  neobranes  of  the 
nose  and  throat .  In  the  event  that  LiH  contacts  the  skin.  It  should 
be  flooded  off  with  large  volooes  of  running  water  (1).  The  toxic 
effects  of  LiH  have  been  observed  from  animal  experinrats.  Althoi^di^ 
concentrations  of  10  mg  per  cu.m,  attacked  fur  and  skin,  and  irri¬ 
tated  the  eyes  and  macoua  modl>rane  of  test  animals,  the  lesions 
were  similar  to  thermal  bums.  The  injuries  were  what  could  be 
ejected  from  a  strong  alkali  rather  than  to  any  specific  action 
of  lithium.  Animals  exposed  for  one  week  to  concentrations  of  5  mg 
per  cu.m.  (4  hours  daily)  showed  emphysema  in  the  lungs  of  some 
animals.  However,  mortality  was  low  and  examination  5  months  after 
exposure  showed  no  lesions  in  any  organ  attributable  to  lithium 
hydride.  It  was  concluded  that  working  atmospheres  containing 
25  micrograms  per  cu.m,  would  constitute  no  toxic  hazard  (5) . 

10.3  BEHTLLIPM  HYBRlIffi 

10.3.1  General 

Berylliian  hydride  is  a  idiite  to  gray  anorphous  powder 
comprised  of  polymerized  molecules  held  together  by  hydrogen  bridge 
bonding.  The  formula  may  therefore  be  represented  as  (BeH2)x* 

The  heat  of  formation  (25‘’C)  is  -4.53±1.0  Kcal/gram  formula  wel^t 
(13).  The  reported  density  is  0.64±0.02  gms/cc  (13).  However, 
several  investigators  are  attenqpting  to  synthesize  BeHo  at  a  higher 
density.  Rocketdyne  has  achieved  a  density  of  0.77  gm/cc  (14). 

The  thermal  stability  of  BeH?  is  lower  than  LIR  but  greater  than 
MH4.  Initial  decomposition  occurs  at  215-225**C  and  becomes  fairly 
rapid  between  235-250^0  (13) .  Reaction  Motors  reports  (6,10)  that 
the  decomposition  rate  at  70**C  corresponds  to  approximately  11  per 
year.  The  decoBq>o8ltion  rate  is  dependent  i^on  particle  size,  the 
smaller  material  having  a  hl^er  rate.  Like  LIH,  BeR2  is  a  strong 
reducing  agent. 

« 

10.3.2  pggfmteiiitnetlon 

10.3.2.1  Literature  Search 

Beryllium  hydride  does  xiot  react  in  air  or  dry  oxygen  at 
mabient  temperature  (1,3,13).  It  is  insoluble  in  all  common  sol¬ 
vents  with  which  it  does  not  react  (13) .  It  reacts  rapidly  with 
hydrazine  and  ammonia  (10,11,13).  Ihe  reaction  is  as  follows: 
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B«H2  +  +  Hj  (11) 

2BeH2  +  M2®4  ®«2*2®^4  ■*“  ^®2 

BeHj  reacts  slowly  with  Mffi,  UBMH,  and  1^02  (13)  and  shows  no 
reaction  with  heptane  or  JP-4  (10). 

Unlike  LiH,  BeH?  is  reported  to  be  ccM^tible  with  water. 
As  received  it  is  reported  to  be  coopatible  with  a  water'*heptane 
emulsion  (6).  Reaction  Motors  investigated  the  water  compatibility 
of  several  samples  of  BeH2  obtained  froot  different  lots.  Ttey 
found  that  reaction  occurred  after  an  induction  period  ranging  from 
500  to  2100  hours.  The  lowest  indtiction  period  was  reported  for  a 
BeH2  sasple  \diich  had  been  ball  milled  to  produce  very  fine  parti¬ 
cles  (?) .  The  reaction  initiation  was  noted  by  sli^t  pressure 
rise.  In  no  case  could  the  reaction  be  considered  vigorous.  The 
stability  of  BeH2  in  water  was  further  established  by  Reaction 
Motors  Brao  subjected  BeH2-water  slurries  to  a  Traurl  block  test 
and  found  it  didn't  detonate  0^1).  It  should  be  noted  that  several 
older  references  were  found  (1»3)  which  stated  that  BeH2  and  H2O 
react  vigorously.  This  result  was  undoubtedly  due  to  iumurities 
present  in  the  BeH2.  Such  contaminants  are  not  present  in  the 
material  presently  produced  for  propellant  usage. 

Some  of  the  other  reported  reactions  of  BeH2  are  as 

follows : 

With  F2  as  an  oxidizer, 

BeH2  +  F2  — ->  BeFj  +  H2  (15) 

With  O2  as  an  oxidizer, 

2BeH2  +  O2  - >  2Be0  +  2H2  (15) 

With  water , 

2BeH2  +  3H2O  - >  Be0Be(0H)2  +  4H2 

heat  of  reaction  18*111  Kcal/mole  (15) 

10.3.2.2  Beconmendations 

Since  BeHp  appears  to  be  compatible  with  water,  acpiaous 
solutions  of  decontaodnants  appe^  to  oe  feasible  for  treating 
spills.  BeHo  is  being  consithtred  for  propellant  use  as  a  eosuon** 
ant  of  gels  of  materials  such  as  MS  or  wME.  Assuming  a  qpill  of 
such  a  fuel,  a  dilute  a^ous  solution  of  hydrogen  p« oxide  would 
adequately  neutralize  the  modified  hydrazine  conmonent  and  still 
not  cause  a  violent  reaction  with  the  hydride,  llie  residual  hydride 
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can  then  be  flushed  to  a  8uaq>  or  waste  pond  where  it  would  slowly 
decompose.  The  residual  oacLde  or  hydroxide  could  then  be  disposed 
of  in  the  same  manner  as  radioactive  wastes  are  handled  or  slowly 
disposed  of  in  the  ground.  Spills  of  the  powdered  beH2  can  be 
disposed  of  in  a  sl^lar  manner.  In  this  case,  decomposition  could 
be  listened  by  the  addition  of  dilute  ammonia  mich  would  react  with 
the  hydride  releasing  hydrogen. 

10.3.3  Toxicity 

Finely  divided  berylliisn  and  beryllium  compounds  are 
extremely  toxic.  The  hydride  being  a  strong  reducing  agent  possi¬ 
bly  presents  an  additional  hazard.  Dow  has  condtu:ted  toxicity 
investigations  of  various  beryllium  compounds  including  the  h^ride. 
Two  studies  (12)  involved  intratracheal  injection  of  rats  with  BeH2. 
One  study  showed  that  the  tuortallty  rate  for  this  group  of  rats 
was  much  higher  than  in  any  other  group  of  rats  similarly  treated 
with  other  beryllium-containing  materials.  In  general  the  injec¬ 
tions  caused  acute  chemical  pneumonitis  and  reacted  in  death  in 
many  cases. 

The  A.E.C.  has  setup  stawlards  for  airborne  beryllium 
dusts.  The  allowable  limit  is  2  micrograms  per  as  an  average 
over  an  8  hour  day.  This  is  also  the  threshold  limit  value  for 
beryllium  adapted  at  the  Annual  Meeting  of  the  American  Conference 
of  Governmental  Industrial  Hygienists,  1965.  On  the  basis  of  the 
Dow  tests,  BeH2  is  at  least  as  toxic  as  beryllium  and  possibly 
even  more  hazardous. 

10.4  ALUMIHDM  HTDRIDK 


10.4.1  General 


Aluminum  hydride  is  being  evaluated  as  an  additive  for 
both  solid  and  limaid  propellants.  It  is  less  thermally  stable  than 
either  lithium  or  beryllium  hydride,  but  considerable  research  is 
being  expended  toward  improvl^  this  property.  As  a  result  of  this 
continuing  research,  the  literature  wounds  with  conflicting  state¬ 
ments  since  the  hydHdes  referred  to  are  often  not  identlc^L.  The 
AIH3  has  often  bmn  treated  to  improve  stability. 

Aluminun  hydride  originally  was  reported  to  be  a  highly 
polymerised  compound  having  tbs  general  formula  of  (AIE3)..  The 
AIR3  moleculea  being  held  together  by  hydrogen  brid^  bon&ng 
(1,3).  It  has  einee  been  determined  that  W3  in  many  diatinct 
cryetal  atruetmcas  can  be  Icolated  depending  on  the  preparation 
teelmignaa.  Sens  of  thaee  cryatale  have  been  identified  by  Dow  and 
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Olin  Hftthleson  mid  are  referred  to  in  the  field  by  mmoher.  Coai<- 
parlaott  of  Dow  and  Olin  Mathieaon  nooenclature  for  the  most  pre¬ 
valent  crystal  ^orms  is  as  follows  (16): 

Dow  1444  -  Olane  57 
Dow  1451  -  Olane  58 
Dow  1433  -  Olane  60 
Dow  1443  -  Olane  62 

Other  crystal  forms  are  kmiwn  as  well  as  etherated  and  amorphous 
forms.  However,  the  most  stable  form  and  most  highly  desired  is 
Olane  58  -  Dow  1451  (16).  This  report  therefore  will  be 
limited  to  an  evaluation  of  this  particular  form  of  AlH^.  Olane 
58  is  a  crystalline  solid  with  a  specific  gravity  at  25*^  of  1.45 
to  1.53.  It  has  no  melting  point  as  s^h,  since  it  decomp.^ses  on 
heating.  It  also  decomposes  in  water  and  in  alcohol.  The  auto¬ 
ignition  teoqperature  is  >300  **0  (16). 

10.4.2  Decontamination 

10.4.2.1  Literature  Search 

AlHo  (Olmie  58)  is  a  flammable  ^diite  powder  stable  in 
dry  air  at  room  ten^erature.  Above  120 **€  it  decoaqposes  releasing 
h]^rogett.  It  will  also  decompose  in  the  presence  of  moisture 
forming  hydrogen  which  may  ig^te  because  of  the  heat  evolved  (16) . 
The 'react  ions  with  air  (oxygen)  and  water  are  as  follows: 

4AIH3  +  3O2  - >  2AI2O3  +  6H2  (17) 

AIH3  +  3H2O  - •>  A1(0H)3  +  3H2  (17) 

The  hydrolvsis  rate  is  affected  by  surface  area  or  particle  size 
and  pH.  The  rate  increases  with  pH. 

Olin  Mathieson  (16)  reports  that  equipment  contaminated 
with  AIH3  should  be  washed  with  kero'^ene  with  provision  for  hydro¬ 
gen  venting  and  purging  with  nitrogen.  The  kerosene  waste  is  then 
removed  from  the  area  for  disposal.  The  kerosene  wash  is  then 
followed  with  a  water  rinse  followed  by  a  1-2X  caustic-water  wash 
and  subsequent  rinsings. 

The  practicality  of  this  method  for  conbattii^  a  large 
spill  in  the  open  air  is  questionable.  The  flasmsbility  of  kero¬ 
sene  would  in  itself  present  a  hazard.  On  the  other  hand,  it  has 
been  reported  (18)  that  the  reaction  between  water  and  AIH3  pro¬ 
ceeds  slowly,  at  25 *C  it  was  i^rozimately  50X  completed  after 
3  hours. 
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There  is  also  a  possibility  that  a  spill  of  AIH3  nay 
Ignite.  A  fire  should  be  soothered  vlth  powdered  limestone  or 
)1etal-X  extinnilshers.  CO2  or  dry  chemical  extinguishers  are  not 
to  be  used.  The  smothered  residue  can  then  be  mechanically  removed 
to  another  area  for  waste  disposal.  Disposal  can  be  accoopllshed 
by  burning  (16). 

10.4.2.2  Recomnendatlons 


A  spill  of  AlHq  can  be  handled  In  several  wayS'  A  water 
deluge,  althous^  releaslfig  hydrogen,  does  not  appear  to  present 
any  toidue  hasard.  If  the  spllllsiban  tacea  where  It  can  bum  with* 
out  presenting  a  hasard  to  adjacent  areas,  burning  Is  an  effective 
mettod  of  disposal.  Deluging  a  spill  with  an  inert  powder  such  as 
limestone  renders  the  material  less  susceptible  to  Imltlon.  The 
AlH^  thus  diluted  can  be  safely  removed  to  a  disposal  area. 

10.4.3  Toxicity 

Aluminum  hydride  cannot  be  considered  a  highly  toxic  ma* 
texlal.  The  residue  after  hydrolysis  Is  a  caustic  solid.  Contact 
with  the  skin  will  therefore  produce  caustic  type  bums  and  wold 
require  similar  treatment.  Particles  of  AlH,  should  be  brushed  off 
iniMdlately  and  the  affected  area  doused  with  large  volumes  of 
water  (16) *  Dow  (19)  has  conducted  toxicity  studies  on  AIH3  and 
determined  that  It  has  a  low  acute  oral  toxicity  end  should  present 
no  ingestion  problem.  Eye  contact  Investigations  showed  It  to  be 
an  Irritant  producing  sli^t  conjuntlvltls  which  subsided  in  24 
lours.  AIH3  was  also  applied  to  the  skins  of  animals  and  the  tests 
indicated  that  It  would  not  produce  appreciable  skin  Irritation. 

In  general  AIH3  can  be  safely  handled  using  reasonable  care  md 
cleanliness. 
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DaeontsniasBts  for  several  toadc  aissile  propellents 
were  eveloated  end  reeosHnndetiens  eere  aede  for  the  nost 
snitshle  neterisls. 

the  iavestiistiott  ess  eondncted  in  two  phases*  Phase 
X,  a  mraetieal  study  of  the  propellents,  consisted  of  a 
coiViletion  of  infmetion  pertainfoB  to  Bsaaral  proper* 
ties,  decontaeination  proceoiires  and  toadcity  data  bsasd 
on  a  literature  review.  The  aaterials  thas  iavestifsted 
were  fluorine,  hydraslne,  nltrofstt  tetroside,  hydroiin, 
li^t  astal  hyndes,  heryllislae,  Coupound  A,  niaiMb 
sine  fuels,  aluaiaine  am!  ISBOU 

niase  XX,  a  Xahoratory  invssriiptton,  involved  rias 
eaperiuestal  evaluation  of  caadldate  deeontaninants.  thU 
work,  toisther  with  a  theoretfoel  evalnatiOA  of  decuiMr* 
inants  hesed  on  the  practical  stui^,  invo'^.ved  four  i«o* 

Bllantss  (bepound  A,  nixed  hfdtmm  fuels  (MV*3  and 
P*5)  and  alunlsine/ 


